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CHAPTER 1

INTRODUCTION

r.t BACKGROUND

Military weapons effects tests in the past hJve been conducted either in conjunction with

the Atomic Energy Commission (AEC) development tests or for the purpose of studying certain
basic phenomena. The AEC development tests are frequently unsuitable for effects studies be

cause of the experimental nature of the devices being tested. There have been two effects
phenomena tests, the surface and the underground detonations (Operation JANGLE) in the fall

of 1951, and the air-burst detonJtions (Operation TUMBLER) in the spring of 1952. Operation
JANGLE was not entirely suitable for gener:ll :lir blast effects studies bec:luse of the sm:lll

size of the weapons :lnd the peculiar n:lture of the deton:ltions. Operation TUMBLER wa.g con

ceived and executed in :l period of less than six months in order to provide height-ai-bur6t

blast dat:l which were urgently required for operational planning. This precluded the inclusion

of weJpons effects studies other th:ln those directly related to the basic objective of the test.

. In October 1951, the Chief, Armed Forces Special Weapons Project (AFSWP), recommended

to tIl(' Chiefs of the services that a l:lrge-scale military weapons effects test be held in the

spl'lng of 1953 at the Nevada Proving Grounds (NPG). The objective of such a test was to pro

vide the services with ;In opportunity to obtain gener:ll effects information. Although a con
sideralJle amount or effects d:lta was obtained at Operation GREENHOUSE, it was felt that a
larl::e-scale test for the sole purpose of we:lpons efrects studies was required in order 10 ex
tend the GREENHOUSE reSUlts, which indicated serious gaps in the over-all knowledge of
wcapons effects. The logistical problems inherent in an overse:lS operation plus the proved
reasibility of contlnenlal atomic tests resulted in the decision to recommend a test at the NPG.

Specifically it W:lS hoped that this test would permit the exposure of many critical items of

l11ilitJ.ry equipment as well a5 idealized structures and other targets of military significance.
In recommending the test it was pointed out that the majority of the military requirements for

effects information could probably be met by utilizing one nominal yield air-burst weapon,
detonated at JIl operational height, but that additional weapons, not to exceed the total of three,

might be required. In December 1951, the Joint Chiefs of StJ.1f (JCS) approved the recommen
d:llions of the Chief, AFSWP, subject to a further recommendation :It a later date as to the
exact n:lture JIld number 01 the weapons to be fired. The code name KNOTHOLE was assigned

to the ope rat ion.

On receipt of JCS ;tpproval, the AFSWP queried the services as to the specific tcst projects
which they felt should be conducted, and In addition solicited recommendations as lo the type 01

burst or bursts which they considered necessary. Replies lor the most part indicated a desire

for JIl air-burst weapon of apprOXimately 30 KT at :l height of approximately 2000 It. The sub
ject of JIlother underground burst, utilizing a much larger wC:lpon than was used in Operation

JANGLE, was discussed. However, it was finally agreed lhat, due to the uncertainties concerning

15

Preceding page blank

/ ::;'



_ .4. __ .~ ' _",_a.. L ••• J4

the significant effects parameters of an underground shot, no further con~iderati,on should be
given to scheduling a second underground shot in the spring of 195~' "'~<:~.: '~

At the time that the military effects test was first recommended, !fa A~ development tests
were scheduled for the spring of 1953. Therefore it was tentatively plalUled to conduct the op

eration in a suitable area of Yucca Flat where certain fLxed facilities were available. The tar

get date was to be 1 April 1953. In April 1952, a portion ol TUMBLER was conducted on the
dry lake in Frenchman Flat. An extensive instrument line consisting of gage towers and in
strument shellers was constructed for this operation. In addition, timing lines and power were

installed in the area. Therefore, when il was announced lhat there would be a series of develop
ment tests (UPSHOT) beginning approximately 1 March 1953 in the Yucca Flat area, an agree

ment was reached wilh the AEC to conduct the KNOTHOLE tests in the Frenchman Flat area

where test conslruction could proceed wilhoul inlerruption during the period of the development
shots in Yucca Flat. To avoid any possible interference and to meet construction and project
participation schedules, the target date for KNOTHOLE was delayed to 1 May 1953.

1.2 TECHNICAL PROGRAM

Recommended lest projects were received by the Chief, AFSWP, from the services during
April 1952. These projects were carefully reviewed in an effol,t to eliminate duplications and

to ensure lhat all proposals were lechnically sound and capable of accomplishment. After nu

merous conferences and discussions with the services, an integrated teSl program was for
mulated. This program was submitted to the Research and Development Board (IlDB) in May
1952, where it was reviewed by an ad hoc panel. Extensive modifications to the progr:lm were

recommended in order to reduce the lolal Research and Development (R&D) cost, and afler

further review by the AFSWP and the services, the program received final approv:L1 in Sep

tember 1952. Because of the bud~etary limitations which were imposed by the RDO, it was

necessary for the Technical Director to review in detail each experimental project with a view

toward reducing the cOSls to the absolute minimum cOnsistent with the approved experimental
objectives. This review W:lS compleled in November 1952, and all project a~encies were in

formed of the funds which would be avai1:lble for their projects. In the mea.nl ime, however,

fund advances had been made by the Chief, .-\FSWP, to those a[;encles whose t:tsk~ required early

procurement of critical items of equipment as well as the letting of contracts for preliminary

desi~n work. Fixed-cost contr:lcts for construclion of eX[.lerimental structures in Frenchman

Flat were let by the Sant:l Fe Operations Office, AEC, during early December 1952, and aClual

construction work conlmenced Inlmediately thereafter.

In aiJprovlng the conduct 0.( a military effects lesl, the JCS h:ld directed th:!! an invlt:!tion

be eX1ended to the Federal Civil Defen~e Administration (FCDA) to p:!rticip:tle in the lest untler

conditions to be specified by the Deparlment of Defense (DOD). These conditions precluded lhe

completely "open" shot desired b~' lhe FCDA. HO\l,'ever. it was possible 10 include in the lech

nic:!1 program an e:\1ensive project desi!l'ned by the FeDA to determine the reaclion oC various
types of exterior wall panels to air blast.

1.3 TEST OF THE 280-M~1 GUN

In December 1952, lhe JCS directed the Chief, AFSWP, to include in the plans for Operation
UPSHOT-KNOTHOLE a full-scale lest firing of the 280-0101 gun employing the Mk-9.,projec-

tile and to incorporale in this test lhose military effects experiments which could be adapted

to this type of detonation. Because of the requirement for making accurate di~noslic meas
urements in connection with tile firing of lhe ~\{-9 .... eapon, it was necessary to fix the height

of burst at 500 ft with Gl'OUlld Zero the same as ror the air-drop detonation. A careful re"iew
was made of all military effecls experimenls in order lo ensure that lcst targets were located
for ma.;(\mum advanta~e on Shots 9 and 10. III addition, the scope of each of the h~qic meas
urement prol;rams-blasl, thermal, and nuclear-was extended to cover lhe Mk-Y ~hot.
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1.4 ORGANlZATION

Effective 1 August 1952. the Chief, AFSWP. assigned to the Commanding Gener:ll, Field

Command, AFSWP, the resfJonsibility for the detailed planning and implementation o( afJproved

Illilitary effects tesls conducted in connection with continental ;>',omic test operations. The Com

m:lnding General, Field Coni lll:l.Ild , established within his headLjuarters the Directorate o( Weap

ons E(feets Tests (DWET) as the staff agency to carr>' out this resllonsibilily. which included

technical direction of the mililJry effecls eXlleriments. Within the DWET. the Office of the
Technic:l1 Director WJS resllonsible for implementing the directive o( tlie Chief, AFSWP,

The Technical Director was Jl'pointed in Augusl 1952. His office functioned under the DWET

"llntill March 1953. At that lime operations commenced at the NPG, and a joint AEC-DOD or
gaJlizat ion became e({eclive. Within tliis joint organization, the Office of the Technical Director

becanle the Military Ef(ects GroulJ in the joinl AEC-DOD organization. The Technical Director

became the Director of the Mllitary Ef(ecls Group, reporting directly to the Test Director.

Fq;-ure 1.1 shows the oq;anizalion during [he planning phase, and Fig'. 1.2' shows the organi

z:ltion :ll the NPG during the operational ph:lse.

1.5 SHOT SCHEDULE

Original plJns (or UPSHOT-KNOTHOLE included a lOlal of 10 SIIO[S, the first ei 6!1l to be de

velolJment:l1 and fired in Yucca n:lt, and the last two for milil:lfy e{(eels, fired in Frenchman
Fl:ll. Tow:lrd the L'nd of the oJl~ralion anolher development shot W:lS :ldded to llle lest series.

A complete lislin!::' of all shots in the UPSHOT-KNOTHOLE series is shown in T:lule 1.1.
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CHAPTER 2

BLAST MEASUREMENTS

2.1 INTRODUCTION

Several :tgencies participated in the study of basic blast phenonlena during UPSHOT
KNOTHOLE. The objectives were twofold: (1) to collect reference blast data in support of the

major concurrent pro[:ram studying the effects of blast on structures, and (2) to study further
the lund:lI11ental characteristics of the blast phenomena of air-burst nuclear weapons,

Measurements were made on seven test shots of the series. For the first objective the

pro(::ram was highly successful. M:lny successlul measurements were made for the second ob

jective. However, the program served principally to define more clearly the areas of uncer

tainty in basic blast phenomena. In particular, much valuable information was obtained on the

peculiar effects of thermal radiation on blast, but it was clear that major future tests would be

required to obtain a satisf:J.ctory understJJ1ding of this mOSt difficult and perpleXing char:!c

teristic of air-burst nuclear weapons. The test results were invaluable as an aid in the desi[:n
of future precise laboratory and lull-scale experiments directed toward an adequate under

standin~ 01 'the cOnlplex thermal and surf:lce e{(ects 01 blast to nleet ll1ilit:lry requirements,

In this s,ummary report the pert inent results of the vUious projects are collected, cor

related, and presented, Where appropriate and useful the results are comp:lred to those of

earlier nucle:lr tests. Individual project objectives and results are summarized in Appendix 13,

The interested re:lder is referred to the indll'idual project reports for a full presentation of the
r~sults summ:lrlzed here :lnd [01' nlUch addltion:ll in(orlll:ltion wInch is not presented here.

2.2 SCALE FACTORS

For many tl'eatments it is desira.ble to compare the blast data obtained from different nu

clear weapons at various burst altitudes. For such treatments the data are normalized to a
common base. The term "A-scaled" is defilled as "reduced to :I standard :ltmosphcre :It sea
level for [ KT of radiochel11iol (RC)' yield." Conventional cube root yield scalill~ is used in
conjunction with the Sachs' correction factors for burst-hei(;ht atmospheric pressures and
temperatures, The followilll:; A-scalilll; factors apply:

-[II some cases other techniques, such as fireball an:llysis or the :lIl:llj'tic solution, are
used to determine the hydrodyllamic yield of a nucle:lr detonation.

20
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(2.1)

whez-e Po and To arc the ambient pressure and temperature at the test burst height in pounds

per square inch and degrees centigrade, and W is the finally determined radiochemical test

yield. The Sachs' burst-height correction factors have been specified for use by all test groups

to permit direct comparison o[ the test results with thosc [rom previous test series which havc

b..:en normalized in this manner.

TABLE 2.1-UPSHOT-!\NOTHOLE Shot SummJry and Scaling FJctors

ShOI I Shot ~ Shol 9 Shot 10 Shot It

Typo.: of burst Tower Air Air Air AI r

!\T (Re) 16.2 11.0 ~O,O 1~.9 60.8

Ikight of burst (ftl 300 6022 2·12J 52~ I 33~

Scal"d h(:ig-ht of burst 112.5 2377.5 7G~.0 ~OJ.G JI G.o
Sp, PrC';SLlr~ factor l. I 70~ I.~ 77~ I. 2~ti I.HG 1.2301

SJ, DISt:.lncl' f:1Clor 0.3750 O. J9~ S 0.3153 0.3885 0.2373

SI. Tlmc fJctor 0.3672 0.3007 0.3088 0.3839 0.23~ 1

S,. ImpulsL' {"ctor 0.~29S 0.5G2~ 0.3792 0.~399 0,2880

II has bC'en sUI;~csted that the SJchs' conl'crsion fJClors corrcsponding to gal::e height con

ditiOns or the mOl'e comp!cx Fuchs' factors ....·ould a[lord bettcr accuracy in conversion to sca

leI'':!!. II IS probablc th:JI n'!urc reJlistic con';ersion is accomplished by one of thesc vanations,

but tile errors Introduced by thc Il~ore simple conversion f:Jctor arc gcnerally unimportJ.Ilt for

llie lest conditions L'ncountered to CJtc.

Table 2.1 ~resc'nts the pertiner.t norl11:Jli~ing factors for tile UPSHOT-KNOTHOLE shots of

interest, A-scaled data repurted herl'in hJvt' been obtaincd by applyin~ thesc factors LO lhc
l11easL:l"ed rcsult:;.

2.3 FREE AIR 8LAST

2.3.1 Overpressure

The ~rimary free air peak overprcssure measurements werc madc by the shock velocity

mcthod, using shock [runt phOlogra..,hy against a vcrtical, rockcl laid, smoke-trail background.

Useful data for overpressures greater than 10 psi were obtained on Shots 4, 9,10, and 11. The

free Jir lillle-of-arrival data from thesc shots were normalized to standard I KT at sca levcl

and comblncd ..... ilh similar 110rmalized data [rom TUMBLER Shots I, 2, 3, and 4 and thc pry

Kint: shot lO gi\'e the carll' portion of thc resultant compositc arrival timc curve of Fig. 2,1.
The balance of the comlJosite timc-o(·arrival curve includes surface and airbornc measure

mCllts. Th~sc data werc then used to calculate a single peak ovcrprcssurc vs distallce curvc

applicable to the re:::-ion .....hcrc the pe:Jk ovcrpressur"CS werc ~rcater than 10 psi. Fig-urc 2.2
prc~enls this compositc fl'ce air overprcssure curvc in this rc~ion.

Below 10 psi frce ai I' overprcssurc mcasurements wcrc made by thc use o( Wiancko ovcr

pr'cssure ys time gal;cs mounteci lIe:lr the ground surface, but :lbove the triplc pOlllt, and by

21
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parachute-borne gages at relatively high altitudes above the triple point. Measurements below
10 psi were obtained on Shots 4 and 9 of UPSHOT-KNOTHOLE and were combined with similar
data from TUMBLER to obtain the composite curve shown in Fig. 2.2 for overpressures less
than 10 psi.

Figure 2.2 presents a proposed standard free air peak overpressure curve for 1 KT at sea
level, using all experimental data available to date. The yields used ranged from 1 to 500 KT,
and it is believed that the curve is applicable up to yields oC several megatons. For different
yields and ambient pressures the proposed standard curve can be used by applying the appro
priate scaling factors. To illustrate the effect of burst altitude (ambient pressure) using simple
Sachs' scaling, the curves of Fig. 2.3 are included. These curves, which are useful in con
sidering antiaircraIt applications, are appl icable only in the horizontal burst plane because of
the nonWliCorm characteristic oC the atmosphere. This restriction is significant for large yield
weapons. However, it should be mentioned that experience on Shot 4 indicates that it may be
reasonable to conclude that energy p:lrtitioll characteristics do not vary si!::,nificantly for bursts

up to an altitude of 10,000 Ct 1't1SL.

2.3.2 Dynamic Pressure

In some cases dynamic pressure, or q, is the free air blast parameter of principal im

portance. The peak free air dynamic pressure may be calculated directly from the peak over
pressure. Figure 2.3 gives peak free air dyn:lmic pressure for two widely different ambient
pressures. It is worth noting that the dynamic pressure is nearly independent of the burst

altitude. Once again, the nonuniform characteristic of the atmosphere limits direct application
to the horizontal burst plane, but for dynamic pressure the restriction is not as severe as for
overpressure. This p:lrameter, free air dynamic pressure, is of importance in the gust loading
on aircralt in flight and is frequently a useful damage parameter when conSidering nuclear
weapons for antiaircraIt purposes.

2.3.3 Duration

The free air overpressure positive phase durations for 1 KT at seJ level :lre presented in
Fig. 2.4. These dJta were obtJined from II3~1 calculations,' and [hey have been checked by
limited expe.rimental measurements. Since the particle velocity does Ilot f:1I1 to zero until after
zero overpressure is reached, the positive phJse durJtions for dynamiC pressur.:- are somc ..... hJt

IJr~er thJn shown ill Fil;. 2.4.

2.3.~ Ti'.7 Efficiency

The TNT efficiency of a nuclear explosion expressed in percent:lgc of the rJdiochcmical

yield can be defined in terms of the amount of TNT required to produce an equal blast effect at
the same distance using- applicable SCJling techniques. With peak free air o\'erpressure chosen

as the pua.meter for comparison, the TNT efficiency is a function of the overpressure level.
Using the proposed nuclear free air overpressure curve of Fig. 2.2 and the Kirk .....ood- Brinkley
data for TNT,l the TNT efficiency has been calculated as a function of pea:': free air overpres
sure as shown in Fig-. 2.5. Over the wide pressure rJn~e of I to 350 psi, \I.. hich covers the re
gion of principal interest, the TNT efficiency rJ.nf;es from 40 to 53 per cen!. Over this pressure
range an average TNT efficiency of 46.5 per cent results.

2.4 AIR BLAST PHENOMENA

Except where thermal and/or surface effects were important, the blJst measurements of
UPSHOT-KNOTHOLE were consistent with predictions based on the results of pl'evious full
scal~ tests and with allalyticJl studies J.nd l:lboratOI·y J.nd hil;h-exploslvc tests. In [act, the
UPSHOT-KNOTHOLE blast results are note .....orthy principally bCCJuse they clearly delineated

22



-'

-..._---_._---------.-&-..... - - '..-

some of the unusual surface and/or thermal effects with a simultaneous demonstration of the
damage effects oC blast waves produced under such influences, On the basis of the UPSHOT

KNOTHOLE results, it is not possible to establish the behavior characteristics where thermal
and/or surface effects are important. The purpose oC this section is to describe, in general

terms, the blast phenomena in\,estigated on UPSHOT-KNOTHOLE. The later sections, which
summarize the blast results, will show the inconclusive nature oC the results and will support
a conclusion lhat ex1ensive additional laboratory and full-scale experiments are required to
permit a clear understanding of the military importance oC thermal and/or surface effects on
the air blast phenomena of air-burst nuclear weapons.

2,4,1 Damage Parameters

The damage effectiveness of a blast wave can be described by two parameters: static over
pn.·ssure (p) a,lId dynamic overpressure (q), both as functions oC time, In IllOSt cases rise time,
dur:llion, and Impulse are important in determining the effects of these two parameters, but
some targets :Ire predominately sensitil'e to the pcak values of overpl'cssure or dynamic pres

sure.
There have been a number of attempts to classify military blast targets as "pressure

sensitil'e" or "drag-sensitive," dependent upon whether they have principal sensitivity to

o\'eq.>ressure 01' dynamic pressure, respectively. Except for extreme cases, such attempts
:lI'e unsuccessful because most individual tar~ets have appreciable sensitivity to both damage

p:lrameters, Target elements which have a rapid response to the relatively short duration

reflecled overpressures which are characteristic of a zero rise time ideal shock, such as

window pane5 and stiff or bj'illle walls and rooCs, are pressure-sensitive, Likewise, targets
which are sensitive to a sustained crushinf: effect, likened to a sudden increase of the ambient

pressure by the overpressure, without ventin~, are pressure-sensitive. Targets, such as poles

and trees, which have a relatively slow response and which are insensitive to crushing eflects,

al'e nearly completely dral,:-sensitive, A large steel frame struclure, which is well vented or

which has been stripped of sidinf; and/or roof panels by initial overpressure action, is prin
cipally dra(;-sensitive, Many military targets, such as vehicles, tanks, artillery pieces, and

troup;;. m:lY suff02I' their principal damal;e by being hurled throuf;h the air or tumbled along

the"l;round, with subsequent inlpacls with the ground or other obstacles, These targets are

princip:l1ly dl"ag-sellsitil'e" In ~eneral, where total translational forces arc important and
wllere' tile shol'( dUI":ltions of the reflected o-.·crpressures are substantially less than the re

sponse' time of the t:lrget, the fOl'ces produced by dynamic pressure are of greatest imporLance.

/'.Iost military tJI":;cl cumplexes are apt to cont:lln:l variety of individual targel types, and any
:lttempt to describe the ""'hole, as dynamic pressure-sensiti\'e or as overpressure sensitIve
could be troublesome, In SOllIe cases the difierence in the blast wave duration between kiloton
and megaton weapons is important, and such targets can generally be described as dynamic

pressure-impulse sensitive.
I.n general, both overpressure and dynamic pressure are important with the relative im

~ortance being- detel'mined b)' the target type under consideration and by the relation between
the two damage parameters, ·The overpressure Characteristics of a nuclear explosion are
fairly well known, whereas the dynamic pressure characteristics have been less clearly de

fined because of the lack of sufficient applicable experimental data. The results of UPSHOT

KNOTHOLE clearly demonslr:lled some of the damage elCecliveness of dynamic pressure with
few supporting bJsic measurements, Where possible, this report will treat both the overpres

sure and the dynamic pressure properties of air-burst nuclear explosions,

2,4 ,2 Ide alPaI' :lrll el er s

An ideal blast W:l\'e may be defined as :l shock wa\'e where the classical RJ.nkinc,- Hugoniot

rel:ltions apply 31 the shock front. Such a shock W:lVe is characterized by an instant:l.1leous risc

of pressure, density, temperaturc, and particle velocily. Assuming the ambient air to be at
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rest with a pressure o( Po the relation between peak overpressure (p) and peak dynamic pres
sure (q) is:

1
q = - pu z

2
G) -7_p_~_z+_p (2.2)

whel'e p = density o( medium behind shock (ront and u = particle velocity o( medium behind
shock (ront. This relation is illustrated in Fig. 2.6 for different burst heights or a.mbient
pressures.

If a nuclear weJ.pon is burst in the air over J.n ideal surface," the resultant bIJ.st wave may

bE' described as ideJ.1. This definition of the ide at case is valuable for comparison to prJ.clicJ.I

nuclear burst cases, pJ.rticularly where the thermal and/or surface effects cause marked de

partures from ideal behavior. The ideal case is characterized by two principal regions, the

regul:lr reflection region and the Mach region (see Fig. 2.7). The ground distance at which

transition from regular reflection to Mach reflection takes plJce is not unly dependent upon
the height of burst but upon the height above the ground at which the observations are made.

Thus the ground dist:ince at which a surface target is completely in the Mach re[;ion is depend

ent upon the height of th:lt taq~et, becoming greater as the taq~et height is increased.

For the MJ.ch stem in the l\'fach re~ion, it may be assumed that the expanding shock (ront

is perpendiculJ.r to the surface with the flow or particle velocuy parJ.IJel to the surface and
with the shock front moving into unilorm still air. In the Mach region the above ideal p-q re
lation applies, where q is defined to be horizontal or paralIel to the surf:lce, and the ideal peak

dynamic pressures may be calculated directly from peak overpressure values.
In the region of regular reflection the situation is more complex. At the reflecting surface

the ideal reflected shock completely cancels the vertical component of material velocity behind

the i.ncident shock and the flow is parallel to the surface. However, (or a taq~et near the sur
(ace the principJ.l or effective q component is parallel to the surlace but not perpendicular to
the reflected shock since the reflected shock makes an acute :In(;le I.:ith the surface. In addition,
the reflected shock is mOl'ing into ambient air which is neither at rest nor at preshock ambient

pressure because of the prior p:lss:l\::e of the incident shock. Consequently it is cleH thal the
d,'l\amic pressure q (horizontal) C:lnnot be calculJ.ted by the abol'e Ideal p-q relation. Directly

under lhe burst (Ground Zero) there is no air flow parallel to the surface and the dynJ.mic pres
sure (1/;fJU1) is zero. As the ground rJ.n(;e is increased the dynamic pressure increases despite

J. decrease ill overpressure. Dynamic pressure is not describe:d by tile above ideal p-q relation

until the onset of Mach reflection. For ncar-surface t:lrgels in the ideal case, only the hori
zontal flul\' is considered impol'l:lnt since any vertical flo'.\' is quickly canceled after the Jrrival
of the rerlected shock. III (;('n('ral, dynJ.l1lic pressure mJ.y be conSidered a vector quantity with
:l direction p:lrJ.llel to the reflecting surface in the re(;ion o( interest fur near-surface taq,:ets

behind the rer1ected shock in the regular reflection region or behind the Mach stem in the Ma~h

r~giol\. Throughout this report, when dealing with near-surface blast phenomena, dynamic

pr~ssure (q) information will refer to the horizontal component only.

Usin;; the: composite A-scaled free air peak overpressure curve of Fig. 2.2, il is possible
to calculate the A-scaled surface level peak ol'erpressure height-of -burst chJ.rl or Fig. 2.8 for

the ideal case. In the region of regular reflection and for zero burst heil!:ht, conventional shock
rerlection theory was used assuming a perfect reflective surfJ.ce. In the M1Ch region the forlll

of the curves was derived from high-explosive experiments. The ideal A-scaled peak dynamic

"An ideal surface will be defined as one having perlect mechanical or shock reflection, no
dust or other n1Jteri:l1 which can be picked up by the blast wave, and properties (perfectly re
flecting) such that the associ:J.ted therm:ll radi:ltion has no effect on the surface or on the air

above the surface. Ice is pcrhJ.ps the closest practical e,'(all1ple. Except for the possibility of

the blJ.st wave picking up WaleI' droplets, wJ.ter might be a reasonably close praclical eXJmple,
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pressure height-of-burst chart of Fig. 2.9 can be derived Irom Fig. 2.8.·
Throughout this report references to ideal blast behavior will be made. Such references

refer to the v::l.lues of peak overpressure and peak dynamic pressure calculated from Figs.

2.8 :1Jlc1 2.9 for the particul:lr seL of test conditions involved, assuming a perfect shock reflect

ing surface with no other surface, dust, or thermal effects. Substantial departures from ideal
b~ha\'ior have been allributed LO surface, dust, and thermal effects on blast. Under such per
turbations the rise time is generally slow and the lime-wave form is substantially different
fl'om ideal. Surface, dust, and thermal effects on blast are most pronounced for relatively low
burSlS where the principal interest is in the Mach region. For such bursts careful studies are
nol warranted on the regular reflection region because tlie very intense blast conditions there

:He beyond the range of most military targets o{ interest.
Substanlial departures {rom ideal behavior were obtained on the relatively low shots of

UPSHOT-KNOTHOLE (1, 10, and 11), with only minor departures on the relatively high Shot 9.

In :lll cases the blast wave behavior was essentially ideal except {or the regions where the sur
f:tce level measured peak o\'erpressures were greater tha.n abouL 6 psi (corresponding to about
7 psi :It sea level, A-scaled). Where the measul'ed pe:lk overpressures were greater than 6 psi,
th,' departure from ideal \'uied gre:l.lly, depending on yield, height of burst, overpressure level
or ground range, and the blast parameter considered.

2.·1.3 Surface and Tlierm::l1 Effects

2.4.3.1 Histor)'

The most significant blast results of UPSHOT-KNOTHOLE were obtained where behavior

dep:lrted {rom ideal. Such depanures have been attributed to surface and/or thermal effects

on lJLlSt. Since it has not been possible to study the blast characteristics of nuclear e:-:plosions

without the effects of the companion thermal radi:ltion on the sur/ace,l there have been no
I11CJnS for experiment:llly sepuating the surface and thermal effects on blast. High-explosive
tests. which han' 11l::;li~ible companion thermal radiation, have shown rather minor lJlast ef

fects due to differences in surface mechanical reflection properties and surface dust. Surface

nucle:lr e:-:l-llosions, where the thermal rJdiallOn incident On the blast surface is minimized,

~ive slmilal' rcsult:;. In any C\·cnl. the Cxlremc bl::lst de\'iaLions from ideal which h:lve been

uus..:n"L'c! UII Sl'I'l'ral low uurs( nucle::lr detonations are f::lr grc.:ater than the pertubations ob

sen'ed for SCJlcd TNT tests or for surface nucle::lr tests over (he same kinds of surfaces. It

:liJPL'JrS s:tIe to :LSSUIlle that the therm::ll radiation is the principal cause of Lhe bl::lsL departures

from Idfal. or course, the surface properties, including dust, can have a profound influence

upon the de~rce La which the therrll::1l radiJtion affects blast.
Anomalous blast behavior was observed On most nuclear test series prior to UPSHOT

KNOTHOLE. The role of thermal effects on blast was first clearly delineated on TUMBLER

SNAPPEfl, where the precursor phenomenon was identified. Subsequent reexamination of

BUSTER and GREENHOUSE blast measurements confirmed the precursor existence and showed

similar thermal perturbations on blast. It remained for the UPSHOT·KNOTHOLE series to in

\'eslig-ate the effects of such non ideal blast waves on targets and to study further the associated
basic blast phenomena. The effects on targets are described elsewhere in this report. Thermal

efft.:cts I-Ierturbations on blast were observed in some detail on Shots 1, 9, 10, and 11 of UPSHOT
KNOTHOLE, co\'ering a variety of yields and burst heights. Much additional valudble inJorma-

. f. H. Shelton of the Sandia Corporation prepared these figures expressly (or this report.

Reference is llIade to Report LA- I 655, where similar curves were developed b)' Porzel.

TProject 8.~-2, tile black smoke experiment of UPSHOT-KNOTHOLE ShOl la, was a limited
and somewhaL inconclusive e((or-t in this direction. Had Project 8.4-1, the white smoke experi

ment of UPSHOT-KNOTHOLE Shot 9, not been canceled because of unfavoralJl" weather, ad

ditional useful inJormation mi~ht have been obtained.
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tion was obtained, but it remains for future tests of a more specialized nature to establish a
quantitative understanding of the nonideal blast wave along with an understanding of the parame

ters responsible for the generation of such blast waves. This is particularly important to aId

in the prediction of the blast behavior of nuclear weapons at low burst heights over surfaces

other than those characteristic of desert areas.

2.4.3.2 Thermal Boundary

The blast perturbations observed Oil prl!\'ious test series aJld on Shots I, 9,10, and II of
UPSHOT-KNOTHOLE can be e:....plained in part, qualitatively, by the hypothesis that the thermal
radiation creates a warm layer of air adjacent to the ground surface prior to shock arrival at

the location observed, Analytical considerations and some supporting shock-tube experiments
indicate that a conventional shock wave is markedly influenced by passage into a region having

a nonuniform temperature or, more panicularly, a nonuniform sonic velocity. It appears al
most certain that the principal factors of the non ideal blast behavior can be ascrib~d to the
existence of such a thermal layer adjacent to the ground surface.

To date there has been no adequate description of the effective mechanism responsiLJle for
the gener:.Ltion of the assumed thermal layer. Experimental measurements on previous nuclear

tests and additional measurements on UPSHOT-KNOTHOLE have investigated the properties

of this therm3.1 13.yer prior to shock arril'3.1. Such measurements h3.ve been only moderately

successful. Attempts have been m3.de to measure the air temperature directly by the use of

thermocouples and similar devices. Attempts have also been made to measure the velocity of

sound over a relatively short length of air near the ground surf3.ce prior to shock arrival.
These mt:asurements have shown conclusively that a warm air layer was developed followinG'
the detonation but prior to shock arrival- at the location used for measurement. General in
Strumentation problems plus turbulence and atmospheric instability effects inherent to the

heated region being investigated have reduced the value of these measurements ill a quantita
til'e sense. However, such measurements on Shot 4 of TUlvtBLER and Shots 9 and 10 of UP
SHOT-KNOTHOLE have conclusively proved the existence of a, preshock thermal layer adjacent

to the ground surface. Details concerning temperatures, temperature gradients, and height at
Shock arri\'~1 have been inconclusivt:. The limited UPSHOT-KNOTHOLE results are reported

in a later sepion of this report.

Thc eX:lct merhanism of heat transfer which permits the gener:ltion of the W:lrnl air layer
has not been established. A number of explanations have been offert:d. A commonly accepted
qual itative explanation presupposes the existence of "popcorning." Above a normal incident

therm:ll radl:lliun threshold of to to 30 cal.'cm l
, many surfaces have been shown to expel some

p3.rlicul3.te matter into the 5urroundin~ air. The desert surfaces used for the nuclear tests arc
p3.rticul:lrly suLJject to thiS effect. Figure 2.10 illustrates the popcorning observed on a nuclear
test iJrior to shock arril'al. The popcorned particles reach a distance of several feet above the

ground surf:lce by their own momentum. It is possible that these suspended particles, which

ue in motion, can absorb thermal radiation directly and then transfer the heat to the surround

ing air. The resultant convection and turbulence could lead to the establishment of a thermal

l:lyer several feet thick. Another explanation does not require the existence of popcorning Or

ils equinlent. It may be supposed th3.t the ground surface is heated to a relatively high tem
perature which, in turn, can heat the boundary air surface, selling up convection and turbulence

to ultimately develop a thermal layer several feet high. Several variations and combinations

of these hypothl'ses have been presented.

UPSHOT-KNOTHOLE added no significant e.....-perimental data to identify the mechanism of

heat transfer into the boundary air layer. Until an adequate understanding of the character
istics of this phenomenon has been obtained, it is unlikely that quantitative estimates can be

made of the characteristic.;; of the thermal layer, which are undoubtedly required before a
quantitative estim:lte can LJe made of the effects on thc blast wave.

Linllted cxperiments, both on UPSHOT-KNOTHOLE and in the laboratory, have shown that
thermal radi:ltion incident uiJon Ol'ganic surfaces, such as leaves and other vq;etation, produces

a violent expulsion of hot gases from the surfaces. Here a heat-transfer mechanism can be
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rather clearly established, and it is conceivable that a nuclear detonation over a large surface
of such material could produce a warm boundary layer resultant from the mixing of the high
temperature expelled materials with the surrounding air. Chemically, the resultant gas would

probably be somewhat different from air, with a different ratio of specific heats and a dif

ferent velocity of sound for a given temperature, Such a boundary layer would have a sub

stantial effect on a blast wave if generated prior to shock arrival.
On the basis of UPSHOT-h.'NOTHOLE results, it is not possible to make quantitative state

ments concerning the nature of the thermal boundary layer or the surface properties respon

sible for its generation. It can be clearly stated that such a boundary does exist and that the

characteristics of the boundary layer are influenced by the properties of the surface when sub

jected to the intense thermal radiation characteristic of a nuclear detonation, Consequently,

it can be expected that the blast effects of different surfaces will be a function of their behavior

under intense thermal radiation. Surfaces with good thermal reflecting properties, such as

\II:lter "..nd ice, will probably produce little or no thermal layer, with little or no associated,

therl1l:\1 blast effects. Desert surfaces are known to have pronounced therm:ll effects, and other
pl':1clic:11 surf:lces will prObably lie somewhere between.

2.4.3.3 Therm:ll Effects

In a qualitative sense the effects of the postulated warm boundary layer of air are illus

tr:lted in Fig. 2.11. It must be emphasized that this figure is for illustration pur'poses only

:1nd does not purport to detail the complex effects of the thermal layer on blast. Specifically,
:111 reflected shocks, both from the thermal layer and [rom the ground surface, have been

eliminated. A more precise and complex treatment will be discussed, to a limited extent, later

in this report; and for a complete treatment the interested reade'r is referred to the pertinent

individual project reports. J
- 6 Figure 2.11 is illustrative, in a general sense, o[ the combined

conditions existing on UPSHOT-KNOTHOLE Shots I, 10, and 11 and TUMBLER Shot 4. In Region

A, close to Ground Zero, the small incident angle of the blast wave, the high shock strength with
the resultant high shock velocity. and the rel:J.tively short time interval between detonJ.tism and
shock arrival at the thermal layer, which limits the boundary layer temperature rise prior to
shock :trrival, give a horizontal component of shock velocity greater than sonic velocity in the

boundary l:ly~r. Thi,; effect produces a nlinor p~rturbation on the shock wave, which somewhat

1110(lifics the \I':lV~ form but does not markedly change the resultant blast wave from the ideal

c:1se, In Rq;ion B the increased incident angle, the lower shock strength, and the possibly
hi[;h~r bound:lry l:lycr temperature, because of the I;reater time interval between deton:!tion

and shock :1 1"1"1 I':l 1, lead to a condition where the sunic velocity in the bound:!ry Ia>'er is greater
than the horizont:!l component of the shock velocity in the undisturbed air above the boundary
1;lyer. To preserve continuity as the shock wave progresses out to greater distances, the shock

wave disappears in the boundary layer, leadin~ to the generation of a precursor pressure wave.
The ~recursor w:1.I'e develops when a significant amount of ener~ [rom the main blast WJve is

channeled into a thermal layer near the ground surface. In Region C the conditions are similar

except th3t this is the region of Mach reflection, where the triple point has risen well above the
boundary layer, and consequently the shock above the boundary layer has a horizontal compo-
.. ent equal to the shock velocity into the undisturbed air. Here, again, the requirement of con
tinuity of the b1:lst wave as it progresses to greater distances leads to the generation o[ a pre
cursor pressure w:lVe, as illustrated. The precursor is not confined to the relatively thin

thermal layer but can extend to considerable heights into the unheated air. Region 0 occurs at
greater distances, where the temperatures o[ the thermal layer are lower, giving a sonic ve

locity less th:l1l the shock propagation velocity in the undisturbed air. In this region the ther-

mal effect produces a minor perturbation on the shock wave, which modifies the wave form

sli~htly without m:lrkedly chan~in~ the resultant blast wave [rom the ideal case. As the blast
wave progresses to still greater distances, the effect of the thermal layer becomes neg-li~ible

and the general blast wave characteristics approach the ideal case, In a practical sense the
therm:ll layer cannot be descl'ibed in simple terms. There is undoubtedly some vertical tem

perature I;radienl to provide transition into the undisturbed region. Furthermore, the preshock
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thermal effects will induce some turbulence. The horizontal temperature gradient is by no
means uniform, and consequently a full treatment of the problem is very complex indeed. Until
the specific properties of the thermal layer are more clearly understood, it is not likely that a

completely adequate analytical treatment can be made. Nevertheless, the general qualitative

description above should permit an understanding of the general characteristics of the effects
of the thermal layer on bias!.

As the burst height is increased, the incident thermal radiation is decreased and a situa

tion can exist where a thermal bound3r~' layer is generated without a sufficient temperature
rise to result in the l;eneration of a precursor. UPSHOT-KNOTHOLE Shot 9 was representa
tive of this case. The incident shock was refracted, as indicated in Region A of Fig. 2.11. chang

ing its incident ang-le with the gl'ound and leading to the early onset of Mach reflection at the
b:round surface. The resultant "thermal-Mach" phenomenon on Shot 9 produced an effective

Mach reflection beginning at much shorter distances than would have be~n expected without the
thermal effect. In the thermal- Mach region the Mach stem height was approximately the same
as the estimated thel'm:ll boundary l:lyer height. Beyond the minimum distance al w~ich norm:1!
Mach reflection would have been expected on this shot, the general Mach behavior appeared to
be normal.

It has been customary to use the term precursor as a description of the blast conditions
representative of low burst:; where the thermal effects on bl:lst are of 111ajOl' signific:lnce. It

must be noted that the thermal effects on blast C:in be sib:nificant without the actu:11 generation

uf a prec.:ursor, or Outside the range of the precursor. The precursor is perhaps the most
Startling phenomenon associated with this gener:ll beh:lvior, and the term precursor is used
frequently in :l general sense to describe the whole region where the thermal effects on bl:L51
cause sigr.ificant departures from the ideal case. In some circumstances the term nonideal is

used to describe this beh:lvior.

The blast measurements on UPSHOT-"-'"NOTHOLE do not permit a detailed description of

the characteristics in the nonideal region. In general, where the behavior is nonideal, the peak

overlJressures are substanli:1lly less than would be eXlJected in the ideal case. This suppres

sion of overpressure exists out to ground ran[;es corresponding to peak overpressures of about
6 psi (as me:lsured, 7 psi when A-scaled to sea level). This general conclusion applies to Shots

1,10, and I f, where the thermal effects were \'ery pronounced but .....here the A-scaled burst

heights cover.ed the range 113 to 317 ft. The relative reduction in measured peak overpressure
due to therilial effects was ~reates[ in the region of 9 tu 40 psi, althoub:h the effects ..... ere nOliced

up to the highest pressures rcliabl)' measured, about 150 psi. The suppressed overpressure ef

fect appeared to be g-realest at the ground surface, with an increase of pC:lk overpressure JS the
[;age height above the ground was increased. For pure pressure-sensitive tJ.rgcts (for instance

a buried structure with a plane top ground surface), the thermal effects could greatly reduce
the damaging- effects of low-burst nucle'Jr weapons. However, this conclusion is applicable only

to pressures greater than 7 psi, with principal importance for pressul'cS greater than about 11

psi. In gener:ll, pressure rise time .....as rather slow in the region 10 to 30 psi, and the effec-

t iveness of reflected pressures in determining target loading would consequently be reduced.

This J.g'Jin would reduce Ule effectiveness of nonideal low bursts abainst pure pressure-sensi
tive targets in this pressure region.

The results on drnal11ic pressure measurements were nol very extensive. Dynamic flres

sure is defined in terms of particle velocity, or wind behind the blast wave, and the density of

the mOVing material behind the blast wave. All dynamic pressures discussed in this report

refer to the horizontal component parallel to the ground surface. The precursor pressure wave

appears to be strongly turbulent, with an initial vertical component of flo",' which is probably

followed by a flow pattern effective in the lifting of surface material. The desert surfaces used

for the U PSHOT- KNOTHOLE tests were very dusty. It appears that the precursor pressure
wave has the effect of scouring up a large quantity of surface dust which is then suspended in
the moving air through which the main blast wave later tr:lVels. No specific measurements
have been made, but it is likely thaI the net density of the moving mass of materiJ.1 behind the

main blast wave could be substantially increased by the aillount of suspended particulate matter

28



..

contained therein. Consequently, there exists an uncertainty in the definition of the dynamic
pressure. or q, in such a blasl wave because of the uncertainty of the associated density term.
This uncertainty is increased still further because it is impossible that the moving air mass

mJy have a different e{{ect on a target than the moving dust particles. For a given target or
[Jrget element, the drag coefficients for clean air and moving dust particles can be different.

It is believed that the dynamic pressure instruments used for the measurement of q on UPSHOT
KNOTHOLE included the eHects of the associated moving dust, but the dust contribution to the
me;.lsured q may be different th"n its contribution to the determination of drag forces on targets.
The exact correlation of these q measurements with the effects on targets of interest was not
('stablished because of the limited nature of such q measurements. All q measurements ob
tOlined on UPSHOT-KNOTHOLE gave peak values at least equal to or greater than the expected

peaks under ideal conditions. In other words, the measured values of q in the region of non-
idcal blast behavior were equal to or gre:lter than the expected values in the ideal case. This
is in direct contrast to the much more reliable measured values of peak overpressure. No
generJlizations can be made at this time since few reliable q l11easuremef1.l.S were obtained in

the IlI"ecursor region :tIld since there has been no adequate analytical treatment presented to
support a conclusion that the q in the nonideal case should be about the same or greater than

the q in the ideal case. There is a temptation to conclude that for the nonideal case the q of

the Olir alone will be the same as for the ideal case and the effective q in the nonldeal case will

lJe substantially increOlsed over that for the ideal case because of the much greater amount of
dust contained in the blast wave due to the IJrior agitation by the precursor pressure W:lve.
Howe\'er. such Ol conclusion is not warranted from the blast measurements of UPSHOT

KNOTHOLE.

There is very lillie test information in the ideal or clean Mach region for nuclear weapon

blast WOlves having intensities corresponding to those observed on UPSHOT-KNOTHOLE in the

nonideal case. A surface burst or a low air burst over an ideal surface would probably provide

such test information. Such direct target effects as were observed on isolated pieces of mili

tary equipment on the I.2-KT surface burst of JANGLE, when compared to tests on similar

equipment on UPSHOT-KNOTHOLE, indicate that the damage sustained by these predominantly
dl':l1,;-sensitive targets on the 10 ....· burst Shot 10 of UPSHOT-KNOTHOLE was equal to or greater
tilan would h:we been eXflecled at the same distances from a yield comparable to Shot 10 deto

nate.d at the surface or over an ideal surfJce (snow or water). Furthermore, for targets of con
Cl'/"n which :Ire exposed to the relati\'eI 1' high intensity blast prevalent throughout the major

flo/"tion of the non ideal region of the UPSHOT-KNOTHOLE low LJursts, it is likely that the drag
sensitive charactel"istics He of major imlJ0rtance. With the establisher! SUlJpression of over

pressure in this region, if the dyna.'11ic pressures are not corresfJondingly suppressed, the drag

sensitivity of most targets of military interest will become more predominant in determinint:
the damaging effectiveness of 'low bursts in the nonideal region, even for many targets some

tImes classified as principally pressure-sensitive.

UPSHOT-KNOTHOLE clearly demonstrated the e{{ectiveness of nonideal low bu,sts in

producing damage on drag-sensitive military targets in the non ideal region. There is no con

clusive evidence that the damage produced was greater than would have been obtained for simi

lar bursts in the ideal case. There is a possibility that this conclusion is justified due .to the

uncertain eHects of the greater amount of dust contained in the blast wave in the nonideal case.
It is ·presumed that nonideal low bursts are less effective against pressure-sensitive targets

than ideal low bursts. However, this was not conclusively demonstrated in UPSHOT-KNOTHOLE
because such targets were not included in the nonideal region.

2.4.3.4 Surface Mechanical Reflection Effects

SurfOlce mechanical reflection errects ha\'e been observed on high-explosive tests. I The
desert surfaces used for UPSHOT-KNOTHOLE undoubtedly have lower shock reflection coef
ficients than an ideal rigid surface. However, based on high-explosive tests, the effects of tlie

lllccll;Jnical reflection coerrlcient are relatively small compared to the major perturuations

observed due to thermal effects. It is flroLJably safe to assume that the UPSHOT-KNOTHOLE

•c"

29

)1



blast measurements .....ere not greatly influenced by the surface mechanical reflection charac

teristics and lh:lt the general surface effects noted can be ascribed completely to thermal

effects,

2.4.3.5 Surface Dust Effects

High-explosive ti?sts over dusty surfaces have demonstrated small blast perturbations due

to the dust. However, these perturbations are much less than the gTOSS blast perturbations ob

served in the nonideal re~ion on UPSHOT-KNOTHOLE. Once again it seems safe to assume

that the surface tlust effects on UPSHOT-KNOTHOLE were prim:ll'ily a result of the associated

thermal effects, As discussed above, the accompanying dust nlay have :l very pronounced in

fluence on the effects of the blast W:lve in the nonideal reg-ion. However, it is believed that such

dust effects first require the gener:ltion of the precursor pressure waVi? which is produced by

thi?rmal effects. An attempt to separ:lte dust effects from therm:ll eff<:cts is probJlJly aC:ldelllic

for low bursts since any practical dusty surface will have thi?rmal properties leadint: to pro

nounced thermal effects, For relatively hi!.:h bursts, such :lS UPSHOT-KNOTHOLE Shot 9, over

:l dusty reg-ioll the effi?(;[s of dust loading; ill the air behind the lJlast wave :lppe:lr to lJe ne~li~iblc.

In the C:lse of :l surbce lJurst over a dusly region it is hypothesized th:lt no precursor pressure

wave will be formed, Like ..... ise, the dust effects are expected to be much less pronounced than

those from :l low bur~l with :lssuci:lted precursor effects, It is believed that surface dust could

possilJly ha\'C' :l signific:lnt influence on the !.llasl pJralllC'ters of nlilil:lry illlpOrl:lnCe, narllely,

:lffeCling d:lmage at a ~reater radi:ll distance than the same yield burst over a dusl-free (ide:ll)

surf:lce would product:, The surface deturlation of JANGLE did not provide cOllclusivt:' evidence

in this rcg:lrd, Consequently, one must :lw:lit future tests to eSLJblish the r(:latl\'(: effectiveness

of:l low :lir lJurst \'S a surf:lce burst over differ<:nt reflecting; surfaces,·

2.4.3,6 Ideal, Desert, and Organic Surfaces

Fur :lll:llysis ~urposes, three represelltJ.tive surfJce conditions h:l\'e beel1 ~ostul:lted for

J.ir-bur~t nucle:ll" we:lpol1s, These conditions are identiri~d :lS id~:ll, desr.rl, al1d org;anic, They

may be roughly described :lS (ollow~:

I, Ide:i1: Sec Sec. 2,~.2.

2. Des~rl: Represc'llted by Frenchman FIJI J.l1d Yucca FIJI of the Nrc;, over whicll r:lther

ron~iderablc lJl:lst il1fol'l11:1.tiol1 h:l~ been outalned.

3. OI"[::1.I1IC: This surface is po~tul:l!ed [0 be one wllich h:ls :l I'rollouncL'd thernlJ.1 effecl to

jlerl11it the [;<:l1er:1.liol1 of:l W:lrl11 lJoulld:lry IJycr or air with til(! result:1.rll precur-sor for certJin

burst conditiolls lJu( witllout :IllY luo~e dust or other ~:1.rliculale I1I:ltter :l',':lil:ltJle :It tho:' surfJ.ce.

In other word,,;, tllis surface: would jlermit the generatIon of a dust-free precur~or for· a low

burst wcapOll,
In ~r:lClice, it is uillikely thJl anyone of these thre<.> ideJlized surfJces will be encountered in

re~lons or 11lilit:ll·y intcTest. Ho ..... ever·, surfJ.ces which can be rcpresel1ted U)' olle of these three

ideJ.lizations might be encountered, or surfJ.ces combining their ch:lracteristics might be of
interest. The UPSHOT-KNOTHOLE te,,;t results were obtJ.ined exclusively over desert surfJces.

However, some of the overseas test results hJ.\'e been olJlained over water surf:lces, which

1ll1g;1I1 lJc rea~UllalJly reprt:~en[ative of till! ideal case, with the ;Jo~~ilJlc exce;Jtioll of tile waler

loadin~ which could develop behind the !.llasl WJ.ve. No tests ha\'e lJeen conducted over oq~anic

surf:lces, but such :In idealization could lJe representative of l11any targ;et are:lS of military in

terest which contain a subst:lntial percentage of vegetJ.tion :lfeJ.s or or paved reg-ions having;

ad\'erse thernlal properties ..... ithout a surfacc lJ.yer of loose du~t,

Table 2.2 lias lJeel1 pre;Jared 10 describe the pussi!.lle ch:lracteristics of nuclear detonation,!;

o\'er e:lch of thl? three idealized surf:lces. For rel:ltively high uursts, S:lY A-sc:lled hei[;hts of

·Thi~ report W:lS wril[~11 prior to the TEAPOT lest series Jt tile NPG. The Ill:lst ;Jortiull

uf the Military Effects Test lJrog;ram of TEAPOT was dl:slS;l1ed to attempt :1 I"(:~olutioll of SOllIe

of the Clll<:Stiolls r:lis<:d hert:' and in the folluwinr,: sectioll of this report.
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TABLE 2.2-Cluracteristics of Nuclear Detonations at lntermcdiate
Height oyer Various Surfaccs

Ide:i1 Desert Orii-l" ic

Pr('cursor No Ye:s Yes
Overpressure, P Po P < Po, P > 7 psi P < pg. P > 7 ps i

P " Po, P < 7 psi P = Po, P < 7 ps i

Ol'erpressure impulse, Ip I r , I? ~ I p, lp ~ Ipo
Oyn:lmic pressure, q 'LJ Q ~ 'LJ. q ~ 1.5 ps i ~ ~ q ~ F RJI (1'). Q 2: 1. 5 ps i

~ = Fit'i (Po ) q" f RJ , (p), Q 2: 1.5 I's i q = Qo = f RII (p), q ::s 1.5 ps i

Q = qo. q ::s 1. 5 psi
q = F lUI tpl, q :;; 1. 5 ps i

Dynamic pressure
impulse. I, !~o I, ~ J~, Iq ~ I 4~

p = SUI'f:lce i"vcl overpressure.
FRI! = Classic:l] Rnnk.in,,-Hug-oniot relation b.:twecn p and q. Sec Scc. 2.-1.2.

GOO fl or more, it is likely that the blast conditions will not be greatly different over the three
idealized surfJces. For very 10·...· or surf3.ce bursts, it is also likely th:lt the blast chJ.racter

istics ..... ill not be greatly different ovcr the threc idealized surfJ.ces, with some ullcerlJinty
concerning the effects of dust loading and wlter 103.ding. Considerable uncertainty exists for
the interim r0gion of A-scaled burst heights which, based upon NevadJ. eXfJerience, hal'(~ been
identified as "fJrecursor forming low bUl·sts." The statements concerning p, or overpressure,

can be made with some confidence. Thc applicability is, howevcr, rathcr uncertain since it is

unlikely that vcry many targets of real military interest can be identificd as only pressure

sensitil'e in the non ideal region, .....here different behavior occurs for thc threc surfaces. In this

table q is used to describe the effects of dynamic pressurc. This is detcrmined in part by dircct

q measurements and in part by direct observation of dama~c effects on tarj;ets fJrcsumed lo.be
principally dr:q;-sensitive. In the region 01 greatest uncerL:linty, the precursor region, it Is un

likely that there arc nJany taq;ets of IlIild:!r]' inlcresl wIdth do not hal'e a rather substanlial

effective drag sensitivity. This is of course parlicularly true since in this region, for the non

ideal case, the relativc effect of q is considerably increased because of the clearly established

overpressure suppression.

2.5 Am OVEHPI1ESSURE

2.5.1 Ground LL'I'cl

2.5.1.1 Gcneral

Surface-lcvL'1 air overpreSSure vs timc measurements were made on Shots 1,.3, -1,9, la,
and II of UPSHOT-KNOTHOLE. SlnJilar measuremenlS have been madc on a number of pre

vious nuclear test series. Ovcrpressure: me:.surements at the ground surface havc been morc

depend:J.ble than abo\'eground measuremenlS for a number of reasons, including: gage mount

stability; gage orientation errors; and effcct of scaled j;aj;e height. Consequenlly. it has been
the practice to describe nuclear weapon blast overpressure phenomcna in terms of surface
measurements. W[th lew except ions, no complete documentat ion of aboveground overpressurcs

has been made on nuclear bursts. The rcsults of TUMBLER-SNAPPER and UPSHOT-KNOT

HOLE hJve indicated that sometimes there is a rather pronounced ovcrpressure variation with
height near the surfacc, pJrticularly in the nonideal region when thermal effccts cxist. Because

of the lack of sufficient aboveground overfJressure data, surface mcasurenJents a,-e still utilized

e.'I.1.ensively. In using such data it should bc recognized thJt the thermal crfects on peak over
pressure are j;cnerJ.lly most pronounccd at the surface.
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2.5.1.2 UPSHOT-KNOTHOLE Results

Fi~lIrc's 2.12 and 2,l3 present lhe' :;rouncl-Iel'el pe:tk ol'erpresslll'e vs ground r:lnge for

Shots 9 and 10 :tlon:; the 1113.in blast line. These d:J.la are of p:J.rticul:J.r imporlance for use in

conlll:{'tion with the 1a1"l;e program on bla,;! effecls on structures, since most of lhe lest struc

[un.'s were loc3ted reasonably close to the m:lin bl3.st line. In the case of Shot 9 the pressure

I'S linie (p-t) records were ne:lrly convention:ll in ..... al'e form. The sm:lll lhcrmal effects had a

n:inor innucncc on thc rise lillles :lnd ..... al·C' forms for Shot 9. Some pressure measuremenls

mado.: alun[; ;\ sccondary blast linE' 90 0 lO the m:J.in line indicate sli~hlly hi~hcr peak pressures

lhan measuI"ed On the IllJin blasl line. The p-t records fOJ' Shot 10 were complelely unconven

lion:ll In the reb":ion of thel'n,al effecls, Out to a ground range of abour 3000 fl. Sample records

arc sllLlwn in Fig. 2.1-1,' and it may be seen that peal-; overpressure alone is hardly an adequate

p:l.rameter. The precursor effect is clearly shown. On Fig. 2.13 the ideJl curve for peak over
pre,;surc:s for Shol 10 is drawn. It can be seen that the precur,;or or thermal effects clearly

suppl'essed the overprc,;,;ures in the nonideal region for overpressures greatel' lh:ln 6 psi.

Fi~uI'l' 2.15 prese:nls :;round-lel'el pe:lk overpressures for Shots I and 11 in c:olilparison to

llie Icle:i1 curl'eS. Typic:J1 p-l records :J.re sholl'n in Fi:;. 2.IG for these two shots. Once Jg:lin

lhe pl'onounccci PI'CCUI'SOI' :lnd therlllal effect:; C:ln be seen, with iJeak ol'crpressul'e being :I

rC'lalil'L'ly j1Ll(ll' dl's('I'iptiv(' par:lrllctel', p:lrticularly In the c:lse of ShOl I.

~.5.I,:1 UPSHOT-KNOTHOLE ShOl 9 :Inc! TU1\IBLEI1 Shot I SC:llirl~

UPSHOT-KNOTHOLE Shot 9 and TUMBLEI1 Shoe 1 ..... ere fired Jt Ihe SJllIe scaled heighl

Ol'Cr Ihe sanle ~round surface Wilh a yield r:.llio of :lpj.lrOXilll:llcly 25: I. The princip:ll sC:J.ling

cOlllp:lr:,;on can be l1l:lde Oil the bJSis of ground-level pe:lk overpressure, In Fig. 2.17 the A

scalt'c1 UPSHOT-KNOTHOLE Shol9 surfaC'e-leve:1 peJk overpressur.:'s :Ire ~ho ..... n JS cOlllpued

10 thL' A-~c:llC'd surface-lcI'el peJk ovel"pressure v~ dlsl:lnce: curl'e repor!l:d for TUMBLER

ShOI I. The scalin~ is vcr]' good, sho ..... ing the onsel of true MJch reflection Jl aboul 750 !l and

~uod ('orrespondconce lhrouf:houl. Near all A-scJled ground I'Jn~c of :lboul IJOO ft, lhere is J

slq,:hl illdiclIi(JlI of suppr('ssed peak ol'erpressures on Shol 9, pL'rhJp,; due to the l:re::J.IL'r thermal

effect to be: expected uec:luse of the greJlCr yield of this shot.

2,5.1,-1 T()wer Shot SC:llin~

Surf:lce-Iel'cl ol'('rpr.:ssure llIe:lSurCIllCnlS on the UPSHOT-KNOTHOLE Shot I tower shot

1::11'(' bel'lI cOlllpared lu Ill«I,;urL'rllellts on the Do~ :lnd [:Isy towe;' shots of GREENHOUSE. Test

C(Jrldlliolls ar(' ~i\'ell irl Table 2,J.

The: A-sc:lled OI'CI'j.lrL'SSul'e 1'5 dlSl;lncc cun'es :l1'C ,;hOI\l1 in Fig, 2.18. The lWO GREEN

HOUSl:: shots g"a\'e essentially idenllc,11 cun'cs, Thc thcrl1l:11 cficcts on UPSHOT-KNOTHOLE

Shot 1 were much nlore pronounced lhan for the two GREENHOUSE shot~ for ol'eqJressure

[:re:ller IhJn :lbaUI 10 psi. Se\'('ral possible explan:ltions h:lve been offered. Allhou~h Jll three

shols \l'el"e:ll the: S:lme height, the lesser thermal efficiency, grc:ller obliquily of incidence ::J.I1d

sloll,er dL,Iil'ery uf Iherm:ll l':ldlation Illay override the bonus anticipaled frolll larger yield

w('JiJons. In shorl, the effeclive thermal rJdiJtion ..... as lllore intense on UPSHOT-KNOTHOLE

Shot I. This f:lct, plus Ihe lower "popcorning lhresholds" reported for Nevada soils as com

pJred to Eni ..... etok sand, le:lds to the expectation of greater therm:ll effects on blast for UPSHOT

KNOTHOLE Shot 1. Reference to Fib' 2.15 sho .....s the difficulty of presenting; UPSHOT-KNOT

HOLE Shot I results in termS of a single pe:lk for ol'erpressure. In the nonideal reg;ion the

pe:!ks occur sometimes at diffel'enl relatil'e times, perhaps bein!" the result of different phe

nOlllena. fl~ure 2.19 sholl'S lYiJical ol'e:rj.lre~sure vs lilllc records for the GREENHOUSE shOls.

'In gencrJl, throughout this report only the eUIi' portion of p-t records is ShO ..... ll. This

prC-SclllatiOII is used to cxp:lnd the detail in thiS 1l10re Inlercstin:; rc~ion sinc.: the I:lter portions
of til.: record,; :Ire conl'ention:!l In W:lre fOl'lll,
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T,I,BLE 2.3-Burst Heights, UPSHOT-KNOTHOLE Sbot I,

GREENHOUSE Dog and Easy
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Towe r height
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A -scaled height
(ll)
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It is clear that the simple comparison of Fig. 2.18 is rather inadequate for wave (orm of such

complexity and differences. The thermal eHects on overpressure were much more pronounced

on UPSHOT-KNOTHOLE Shot 1 tha;, for GREENHOUSE Dog and Easy. possibly as a result o(

yield effects, scaled burst-height eUects, and the difrerent properties of the two ground surfaces

when subjected to thermal radiation. Because of the lack or GREENHOUSE data, no co~parisons

can be made for the more important dynamic pressure parameter.

2.5.2 Aboveground

Figure 2.20 presents the pea.l.; aboveground overpressures for Shot 9. with the ground level

curve or Fig. 2.12 included for reference. The bombing error on this shot mar hal'e introduced

measurement errors due to the relatively large incident angles on the aboveground gage baJ

Cles, However, these errors should have been nearly independent or gage height. U compari

sons are confined to the Mach regia;" the ol'erpressures at 10 rt were substantially hic:her than

at grol:nd lel'el, ...;ith the ground level data agreeing with measurements made at higher elel'a

tions. Other considerations indicate the presence of a mild thermal layer on this relal i\"(~ly

high shot. although no precursor Ins rormed. Perhaps the anomalous 10-ft ol'crpressurc be

havior can be ascribed to this ther~Jl efrect ...... ith a depression or surrace-lel'el ol'erpressure.

The'lo'..;er pressures at the gre:tte~ heights mi~ht be e:cptalned by the gradual reduction o! pres

sure ·,/,"[th height oLlserved on TLi/-.13!..E:R Shot I, which ·...·as a lo ..... -yield shot at th~ same scaled

hClgh:.
The Sandia Corporal ion o\'er~~essure r.leJ.Surements included in rq;. 2.20 ....·ere obtained

rrom lhe static pressure side ports of the PI:ol-static gages used (or meJsuril1~ dyl1am:c pres

sure. It is to be noted that these 0:<::1 agree -;"ith the surface-Ie','el meJsurements and are con

sistently lower than the results or the circular gage baffles used in me:lsurements by th~

Saval O~dna..nce Laboratorr (NOLl ...::d Sta.Nord Research Institute (SRI). The p ..... correction

becal:se of the bombing error on Shot 9 would have the erfect or IncreaSing the Sandia Corpora

tion values. Howel'er, the appllcatio:1 of a slmil.ar correction to the NOL and sru baJC1es ....ould

still result in the 10-ft values being higher than those measured at greater elevalions. It is

probably not p~acticable to dra ..... firr.1 conclusions concerning the abO"eground overpressure

measurements on Shot 9 due, in part, to the unusually large bombing error .....·hich was tra.,1S

verse to the principal blast line.

Figure 2.21 presents the peak aboveground overpressures for Shot 10. as compared to the

ground-level curve of Fig. 2.13. Aboveground measurements in the high-intensity precursor

region of 10 ..... bursts are particularly difficult because of mechanical reasons. HO ....·cI·er, these

meaS"clrements indicate that the aboveground o\'erpressures were substantiall,' greater thJ.;l

those al surface lel'el in the precurso~ region from 8 to 20 psi. Even though the abovegro"clnd

overpressures .....ere still substantially be I0"'" the ideal case, it'ap>Jears el'ident that the thermal
eCIects are most pronounced on the o'''erpressures Jl the surface. or at least less lhJn 10 ft

above the surface. CauL-ion should be l:sed in using surface-level o'/erpressure measurements

to estimate damage to abo"eground tJ~!<ets in the nonldeal region 01 10 ..... bursts ....·ith signirlcJ..J1t

thermal errects. It is noted from rig. 2.21 that belo ..... B psi ror Shol 10 the ground-level curvc
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~ives higher pressures than the above~round pressure curve. which indicates a decrease in

prpssurt' alof1!! the Mach SI('1ll similar to Ihat observed for Shot 9 and TUMBLER I.

2.5.3 Pllsitivc Phase Duration :lond Impulse and Arrival Time

IndividuJI pI'oject reports present detailed positive phase duration results, with considera

tion of precursor effects. A gcnl'ralizcd treatnlent is of some interest for general use, however.

fib;ure 2.22 presents the composite A-scaled overpressure pOSitive phase duration vs peak

ol'erpl'essul'e results from all nuclear air bursts to date. For A-scaled burst heights less than

1000 ft. all eilipil'ical relatiun

(2.3)

Pm =peak overpressure (psi)

11I:ly be used. The ::15 per cent lilllit lines include approximately 90 per cent of the dala points.

This rel:lolion is less reliable for fJe:tk overpressure greater than 30 psi,

Positive phase overpl'l:ssure impulse has been treated similarly in Fi~. 2.23. The result

alii ellli'i rical relation for A-scaled lJursl heights less than 1000 ft is

1+ = 0.18 p~;l! (psi-sec) (A-scaled) (2 A)

Thl' d 5 per cent limits show a somewhat greater scatter than for duration. Again, this relation

I" less appl icable fur uverpressures greater than 30 psi.

Fq.:ure 2.2~ fJ1'eseilts the fJositive phase duration and first blast arrival time for Shot 9.
Thl' slIlIilar d:ll:l for Shol 10 are shown in Fig. 2.25, where the precursor eflect is evident.

Tl1l's~ fi~ures arc presented because of their general interest to the structures program.

2.G DYNr\MrC PRESSURE

2,G.1 111:'1 ru'lIlcnUIIOII

DYII:lIllll" I"','ssure nle:lSuremelHS :IS a function of time were m:lde using th~ Pilot-static

lulh' c!l-I'('!lI!'I'd 1))' Ihe Sandi:! COI·pOr:ltlull. This instrumellt gi"es a rt:'li:lble mt:'asurement of

d)'Jl;llIIIC prl',;,;un: III CI.::111 :tIl'. Howevl'r, the e[(ect of air with a larg ... alllo'~nl of dust, such as

O('('UI'S ol'er d~sert surfacc.s 111 the precursor regioll, on the q measurements is somcwh:ll UII

('c'n:!ll\. It has been est:lbl ished thai lhe' q- instrumelll responds to the dust loading. However,

It h:ls lIul lh'ell est:lblished th:lt the structural drag cuefficient to be usee! with this measured

q \'alue to det~rll;llle loadin~ force is the same as the draf: coefficient in clean air. The ollly q

measurements repol'ted for UPSHOT-KNOTHOLE used these Pitol-stalic gages, which are

kllown to respond to the airborne dusl behind the blasl wave. It is assumed at this time lhal

the clean air drag coefficients for stl'uctures will apply to the meJ.sured values of q in the

dusty air of lhe non ideal blast region, ill lil!u of ddinitive experimental data.

Dynamic pressure measurements must necessarily be made abOI'e the ground. In the in

tense blast region of nonideal behavior. it is niOSI difficult to make dynamic pressure meas

urements because of mechanic:tl vibralion and stability problems. Most of the UPSHOT-KNOT

HOLE q measurements in lhe nonidl!al or precursor region were erratic :lnd incolllplele. How

ever, some useful results were oblained.

2.5.2 Results

Figure 2.25 presents the peJ.k dynamic pressures :1S obserl'C:d on Shol 9. On this shot,

which h:ld:l rel:ltil'ely sm:lll thermal blasl effect, it C:l11 be seell th:lt lhe llle:lSul'l:d values of q

ag-reed ljuite well wilh the values calculated from the mt:'asured overpressures alld with the
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ideal curve except (or the uncertain region o( transition (rom regular to Mach reflection.· In
this case, where no precursor or other strong thermal effects were obtained, there is no ap
p:lrent effect of dust loading, even though the measurements were made over a very dusty sur
(ace.

Figure 2.27 shows a typical dyn:lmic pressure me:lsurement in the precursor or thermal

effects regions on Shots 1, 10, and 11. The erratic and limited nature o( some of the q meas-

urem ents is ev ident. Figur e 2.28 shows the peak q measu re ments as compared to t he ideal

values for these three shots. Three data points are marked to show instrumentation saturation,
with a strong likelihood that hi[;her set ranges would show much greater peaks. The measured
values o( q in the strong precursor re[;ion are greater th:l.I1 ideal and much greater than would

be calculated from the companion measured overpressures. At the outer limits o( the precursor

or therm:ll effects region, the measured values a[;ree with ideal and are again substantially
hig-her than would be calculated from the measured overpressures. In these latter cases it is
I ikely that the effect o( dust loadin[; is small. However, the d<?p:lrture (rom the measured over
pressure is also relatively small so no (irm conclusion C:l.ll be drawn. In .the stronger precursor

re~ion. where the measured dynamic pressu/"es are substant,Jlly greater th:ln ideal, there is
no means to estimate the quantitative effect of dust loading. It is not possible to conclude that
the measured dynamic pressul'es would be ide:l1 in the case of a precursor without dust ("or
~alli(""). Suffice it to sa)' that it C:ln be concluded that the Pilot-static tube dynamic pressures

·can be established as equal to 0/" greater lhan ideal in the precursor region of low bursts over

dusty desert surLlces. More full-scale lest data :Ire required to justify statements concernin(:
the dynanlic pressures of low bursts in the stl'ong- blJst re~ion over other sudaces.

2.7 PRECURSOR

2.7.1 General

Three of the instrumented UPSHOT-KNOTHOLE deton:ltions, U-K Shots I, 10, and II, had

pronounced precursors. The yields of the precursor shots rail~ed frolll about 15 to GO KT, over

a ral\~e of scaled hei~hts of bUI'st frol11 112 to 3 113 fl. This region of yields and uurst heights is

"cry (:ll'orable for precursor forlllation. :lnd frolll a number of past oper:ltions it is known lhat

thc.precursur region exists over a larger ran~e of yields Jnt! bursl hei~hts lhan was represented
by thesc three shots.

To obtain a ~encral perspective of precursor forlllJtion :lnd prup:q;ation, the hi[;h-speed

jJhoto~raphy yielded all excellel\t sequence of the various stag!!s of the precursor shock wav!!s,
such an examjJle being Fig. 2.29 taken Oil U-K Shot II. The reflected shock wave is fully de

"cloped befor:e there is any indication of a new pressure wave (precursor) propagat ing outward
alan:;; the ~round ahead of the··reflected ..... ave. Tile delayed appearance of the jJrecursor is dis

cussed in Sec. 2.4.3.3. Othel" excellent examples of the devclopment and progress of precursor
W:lve" wer", pre~ared by NOL from shock photographs, such as Fig. 2.30 (U-K Shot I) and Fi[;.

2.31 (U-K Shot 10). The precursor shock contours (or U-K Shot 10 and U-K Shot 1 appear quite
similar, althou~h the pressure-time records are distinctively different (see Figs. 2.14 and 2.16).

Thus similar precursor (ronts can have quite different conditions prevailing on their interior.
The vertic:ll extent of the U-K Shot I precursor shock is l'ather impressive, being about 200 (t

hig-h at ground distances of about 1500 fl. The dust behind the precursor on U- K Shot 10 attains

:l height of 100 ft at 1300 ft ground distance. It is seen that a precursor would envelop com-

"The q values calculated from Illea5l.ircd ovel'pressure in the regular reflection region of
Fig. 2.26 dl(fer sli!::"htly (rom those g-il'en in Report WT-714 s (Fi~. 1.12 ;lnd Table 1.10). Tile

equal ion frOIll which they wcre calculated, Eq. 1.3, should)JC correcled to read:

2.5P [ (1+6")1,',
q~(C"'~) (1-0 I

T
6: "sino(~'-I)sin
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pletely very siz.able abovegTound structures. The ultimate height and ground extent of the U-K
Shot 11 dust pedestal is shown in Fig. 2.32 and is seen to be very siz.able. It is certail)ly more

th:ln coincidence th:lt the dust pedestal termin:ltes at about the end of the precursor region
(r:ldius 3400 ft). The likelihood of dust contributing to the lO:lding in the precursor region is

ot.lI'ious rrom such a rigure.

2.7.2 Therm:ll Layer

A siz:lule fraction of the tot:ll energy released from a nucle:lr deton:J.lion is emitted in the

form of thermal radiation. Laq~e amounts oC therm:ll radi:ltion are incident upon the ground

before shock :lrriv:ll; thus the existence of :l thermal l:lyer ne:lr the surface is :l sound as

sumption. Experimental results :lre only indicative of a gener:ll high temper:lture I:lyer of air

eXistin~ prior to shock :lrrival. The early formation of a Mach stem :l1ld the vari:ltion of peak

pressun~ with elcl·:ltion above the ground indicate some thermal effects even on relatively high

sC:lled heights of burst, such :IS U-K Shot 9. At lower heights of burst, such as U-K Shots I, 10,
and 11, the thermal effects are very pronounced and result in the unconventional pl'ecursor

pressure wavL'.

Actu:ll nle:lsurements of fJl"eshock sonic velocities were obtained by the Navy Electronics

L:lboratory (NEL) on two TUMBLER and two U- K shots. Although the results are only fr:lg

mentar}", such me:lsurements indic:lte subst:lnti:ll incre:lses in preshock sonic velocities. In

:lddiLIOn to actU:l1 me:lSUrClllCnLs, it is possible with some assumptions to compute the preshock

temfJeratures using (I) the SRI method of arrival time of the shock W:lVC propagating through

the thL'rlll:l1 l:lyer I'S ground distance :lnd (2) the NOL photogr:lphic d:lta for the angle of the

precursor front :lbove the thcrm:lI l:lyer. The arrival-time dat:l :Ire used to determine shock

velocity in the thermal l:lyer, which, by use of known shock relations, le:lds 10 temperature.

The NOL llIethod of obt:linill~ preshock lell1rer:lture is b:lsed on a rel:ltion bel ween sonic ve

locity ill the therm:ll l:lyer and the allt:le of the precursor fronl ill the :lmbient air above the

thermal layer.

F'il!urt' 2.33 presents th" results of these computations of preshock temperature \'S ground

r:ln{:L' for U-K Shot 10. At ground r:lnges les,; th:ln 1000 Ct, there is a significant difference in

th" temfJer:ltures computed by the two methods; howe\'(~r, [he individU:l1 points are probably

suujccL to elTors of:ls much :lS :::25 per ccnt. It ..... :lS possible LO l1l:lkl! silllilar shock velocity

preshoc\.: tellljJer:lture comput:ltions for U-K Shol 11 (A-sc:lled height of lJurst. 315 rn; these

results are fJlOlled in rq;,';, 2.3-1 :llollg with the e:-:fJerimenl:l1 and computed results for TUMBLER

-I (A-scaled height of burst, 363 ft). Thc r('sults fronl the two teslS appc:lr to compare bvorably,

indlcat inl-: th:lL :lver:l~e temper:llUre v:llues (:It sC:lled l;round r:lnges) may be comp:lr:lble for

ShOlS deton:lted :It :lbout equal sCJ.led burst hei,;hts; in addition, the TUMI3LEH -l experiment:ll
CUI'\'l' [NEL and N:lval R:ldiolo~ic:l1 Oelellsl' L:llJor:ltory (NI10L)j ;tl;rel!s well with the points

cOlllrutcd bJ' the Shock \'clocili' method (SRII.

2.7.3 Precursol' OverfJressure and Oyn:lmic Pressure

Figure 2.35 compares U-K Shots 10 and 11 scaled presSure-time records at comparable

sC:lled gl'ound ranges. Althoug-h the pe:l\.: fJressures or the prec.:ursors and the second pressure

fJc:J.ks :lre noL equal, there is a strikln(; simi1:J.rit)' in the general n:J.tul'e or the pressure-time

rccurds: Shot 10 W:lS delonated al 202 fl (A-scaled) :llId ShOl II :It 316 ft (A-scaled). Further,

comp:lrison of U-K Shot II :llld TUMBLER 4, Fig. 2.35, which :Ire shots not too different in

scaled burst hei~hts, results in almost identical pressure-time records both as to wave forms

and :lS to values of pe:J.k pressure. To the extent th:ll pressure-time records relate some of the

gener:J.l attributes of a precursor, U-K Shot II :lnd TUl-.1BLER 4 are nearly identic:ll at the

SJme scalcd ground distances. It is to be nOled th:l( U-K Shot II and TUMI3LEH -l were deto

nated O\'cr the same YU~C:l fl:lL terra'in, where:ls U-K Shot 10, which COIl1p:lrCS [Joorly with

U-K Shot II, W:lS delon:lted over FI'enchm:ln FI:lt. One canl10t conclusively sa)' the differences

in U-K Shut 10 ;llId U-K Shot 11 peak ovcrpl'L'ssurcs at lhL' same scaled distances are due to

hC1b"h1S o( IJUrSI, terrain, 01' cUlllbin:ltlUns of lJoth.
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The press 'Jre - ti me records (or U- K Shot 1 (Fig. 2.16) are quite different Crom those ob
tained on U-K Shots 10 aJld 11 in that generally the U-K Shot 1 overpressure in the Cirst peak
is more nearly equal to that oC the second peak overpressure. Further, U-K Shot 1 has a first
peak pressure higher than the second peak when the pressure levels are less than about 15 psi.
This is in marked contrast to the previous pressure-lime records Cor U-K Shots 10 and II and
TUMBLER 4. Because U-K Shot 1 was detonated over the same Yucca Flat terrain as U-K

Shot 11 and TUMBLER 4, the only reasonable explanation is that the diCferences are due to the

height oC burst.
Dynamic pressure measurements in the precursor regions oC U-K Shots I, 10, and 11 are

rather fragmentary but unquestionably show that measured peak values are not related to the
Rankine- Hugoniot values oC dynamic pressure obtained from measured peak overpressures.
Comparisons are given in Table 2.4.

TABLE 2.4-Comparison o( Measured and Calculatlld Dynamic
Pressures in' Precursor Rcgion

Ground AP uscd q, calcu-

rango: (or calcu- Intcd q, measun:d q, measured q, measured

Shot Gage ((I) lalion (psi) (psi) (calculaled) (idcal)

1 8H'I0 1250 15.0 5.4 115 21 2.50

85flO H50 13.0 4.1 -10 9.8 1.1 8

89F1 3 2600 -1.-1 0.52 0.55 I. 05
9.7 2.38 2.20 0.925 0.7G

10 82fJ 3 1169 30.0 18.4 :>57 :>3.1 :>1. 24

17F10 1422 2G.4 15.1 >9.G >O.t;4 >0.33

17f-lO 1422 12.9 -1.0 :>ll.G >2.9 :>0.-16

00 flO 1920 11.0 2.95 10.9 J.7 1. 28

00f25 1920 12.1 J.55 11.G 3.J I. 37

oor40 1920 8.1 I.G5 12.4 7.5 I. 4G

J 1 4 f5 J-I35 5.2-1 0.74 J.O -1.0

11.5 J.3 5.92 1.8 O. ~7

Fig-ure 2.37 shows the d]'namic pressure-time records in the dusty precursor region at
taining nearly peak values at earl]' times when the overpressures are slowly rising. It is
thought that the rapid rise oC dynamic pressure can be associated with the arrival o( the dust
at the station. TypicJl dynamic pressure-time records, Fig. 2.27, obtained in the precursor
I'egion show very rapid {luctuations in amplitude, an attribute not present at later times nor in
thO! nonprecursor records. This suggests a high degree of turbulence in the precursor portion
o( the pressure wave. The contribution oC turbulence to damage could be importanl.

It is well documented by photography that the precursor fronl has an upward component o(
flow. Indeed, dust originating near the surface ultimately attains heights of 100 ft or more. It
is thus concluded that an upward component persists at aboveground stations (or a fil1ite time.

No quantitative data exist as to the actual durations oC the upward component. An upward com

ponent of motion imparted to movable drag targets enhances the dam~e considerably because

of repeated impacts with the ground.

2.7.-1 Precursor Prediction CriterIa

Subsequent to TUMBLER, several reports appeared in which attempts were l11ad~ to set
down a number o( idealized assumptions and from these to obtain predictions as to what yields
and scaled burst heights would result in a precursor. Two sets of criteria that deserve at
tention are (ound in the TUMBLER Summary Report WT-5I4~ and a Sandia Corporation report
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by Shelton.~ As will be seen l:l.ler, these two prediction criteria dilfer as to precursor forma

tion in several regions. The very strong precursors which occurred on U-K Shots 1, 10, and 11

would have been predicted by either of the above criteria. Operation UPSHOT-KNOTHOLE did

not produce much relevant data from which more realistic prediction criteria could be de
veloped. Actual temperature or sonic velocity measurements in the thermal layer are few,

details of a thermal gradient with elevation are lacking, and, indeed, the exact mechanism for
formation of the thermal layer is not defined.

The TUMBLER criteria, based upon empirical data, St't lImits on (1) scaled heit;ht of burst,
(2) a yield-true height-of-burst relation (W/h l ), and (3) the time required for shock wave to
reach Ground Zero. Shelton's criteria are based partially upon empirical data and partially
upon theoretical analysis. Two important assumptions are made that merit review: It is as

sumed Ihal velocity of suund in the thermal layer (at a particular ground range) is a linear

function of the preshock normal component of the incident thermal radiation; Wis further as
sumed that this relation is invariant from one test to another (TUMBLER-4 data are used for
all calculations). The first assulllption above takes no account of the fact that pOI·tions of the
therlllal byer are expanding' and cooling' continuously. The second assumption is adl11ittedly
approxinlal~; U-K Shuls 10 a1ld 11 data deviate from those of TUMBLEn-4.

A summary of the two precursor formation analyses is iJresented in Fig. 2.38. In this
figure the Ihick cross-hatched curve is due 10 Shelton and separates the "iJrecursor" and "no
precursor'" reg'ions. Also on the figure are found the limit curves from the TUMBLER analysis.

In comparing thest' two criteria, the IllOSt interesting' difference is revealed by the (act that the
TUMBLER report predicts precursor formation for low-yield weapons (1 to 2 KT) at A-scaled

heights of burst from 50 10 400 ft, where:ls Shelton's curve indicates thaI no precursor is
formed for these weapons at any burst heig'ht. The other significanl deviation between the tWO

criteria is found in the region of 500- to 600-ft burst heights and yields larger than about 30
KT; Ihere are no availablt' d:ll:l for this region.

It is evident that future tesls are required to define more clearly the criteria for precursor

fcrm:ll ion. In Ihis regard some of the important deficiencies in this field include a knowledge of
iJreshock t~mperatures as a function of ground range and height above the ground; the effects of

\'arious surf:lce conditions upon lhe formalion of the thernlal layer; and the influence of blast

~comet ry (yield and hei~ht of burst) upon the shoe\-; wave in the non ideal region. It is clear that

such tests flluSt be supported by a comprehensive :lnalytical pro~ram to include such theoreti·

eli :lIld IalJo r :llO ry i nv est ib;a t i on :t S Illay lJe nee essa ry to Jppl y fu 11- sca Ie r esu Its to rea 1 au rfac es
of mil ila ry interest.

2.7.5 Smoke Experiment Precursor Effects

A sllloke experinlenl was conducted on U-K Shot 10 to study the manner in which a ther
mally absol'lJin~ black sllloke layer would modify the normally expected thermal effects on blast.

Figure 2.39 shows the pressure-time records obtained by the surface level gages along the

main blJst line and the smo\-;e line_ The effect of the precursor is to distort the shock wave by

increasinb; its duralion, reducing the iJeak pressure, and usually degl'ading the rapid rIse time
of the shoc\-; front to a slow rate of risco In the precursor regions the peak overpressures under
the smoke were higher than on the main blast line, and the pressure rise times on the smoke
line were much faster than at corresiJonding ground distances on the main blast line. At 1632 ft

and beyond the shock wave under the black smoke shows no precursor, whereas on the main
blast line the precursor eflects were evident to about 2700 ft. Pe:lk pressure data for the smoke
line arc plottcd in Fig'. 2.40 and compared 10 the cunc established for Ihe main blast line. The

peak pressures on the smoke line arc very close to ,hose predicted over an ideal surface at a

g round distance of abuut 1600 ft and beyond, whereas on the main blast line peak pressures are
reduced below ideal out to g'round disl:lI1ces of alJout 3000 ft. Comparison of the pressure-time
records and values of peak o\'erpressure at corresponding ground distances leaves no doubt
IhJt the thel-mally absorbing black smoke slg'nificantly reduced the thermal eflects on the blast
wave.
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The gage towers that failed or bent are examples of damage to drag-sensitive targets.

Thus, to some e;\.1ent, it is possible to compare damage under the black smoke and along the

main blast line. The 10-ft gage towers were blown down along the main blast line out to 2166

ft and bent at 2666 ft and were undamaged beyond this distance. Along the smoke line similar

10-ft ga~e towers were blown down out to 1133 ft and bent at 1632 ft, beyond which the towers

were undamaged. It would ajJjJear th:lt gage towers were blown down or bent out to edges of

the non ideal regions. _
The time of arrival of the initial disturbance along the smoke line and blast line is pre

sented in fjg. 2.41. It is seen that in the precursor region the pressure signal arrives earlier

along the m:lin blast line. This indicates that the air temperature near the ground along the

main blast line is significantly higher than alon~ the black smoke blast line.

Summarizing, as compared to a clear area, the black smoke area on U-K Shot 10, through

the' mechanism of thermal-radiation absorption, greatly reduced the ail' temperatures ncar the

ground. This, in turn, greatly reduced the thermal effect on blast, maintained blast parameters

much mJre nearly ideal out to about 1600 ft from Ground Zero, and eliminated the precursor on

the smoke line entirely beyond tllis gl'ound distance. Damage to drag-senSitive targets may be

reduced under the black smoke ::lS indicated by the g::q:;e towers. Finally, a thermally rellecting

white smoke would probably reduce the precurSOI' effects even more than the thermally absorb

ing ulack smoke.

2.7.6 Thermal Shock

It has ueell speculated that the precursor shock was perh::lps generated by thermal radia

tion being absorbed at the ground surface and also in the popcorned dust ne::lr the surface. Air

suddenly heated to temperatures of the oJ'der of 1000°C would be ::It pressures in excess of

ambient pressure. Thus a chel'nla! shock would prOp:lg.:lle outward as the hot air nlass expanded

to ambient pressure. Because of the time dependence of thermal radiation, a thermal shock

precursor should not form immediately but more nearly at times alter the arrival of the main

shock at Ground Zero.

In fig. 2.'12 photographs arc shown of laboratory experiments on the response of three

types of thern1:l1 materi::l!s to a high-intensity thermal pulse. Only onc of the medl::l, namely,

tlk frenchm:ln fl::lt adobe surface, underwent a popcorning tr:lnsition, whereas the other (wO

did not. The p:lrticles ejected from the adobe surf::lce extended out to distances 10 the order of

6 to lain. for this l::lbor:ltory experiment. These studies were conducted uy the Naval M:llerial

LIUOr::ltory (Nr-.IL) In cooperation with the D::l\'id Taylor /'.Iodel B:lsin (DTMB). full-scale tests

U.\" mC:lns of 10 ft " 10 ft panels were conducted uy DT~IB on U-K Shots 9 and 10. There seemed
to lit.! :l very reason:lolt' correlation bt>tween tlle surface conditions of tlle lauoratury and field

I('st IlIembers. Pressure gages with high lime-resolution ch:II':lcteristics were located in the
field p::lnels which yielded records indicating, in general, that significant pressure v:llues ::lre

nOt associated with popcorning. As indicated uy the preshock pressure-time signals of fig.

2.-13 ::lnd also reviewing the above DTMB experimental results, one may conclude th:lt lo a

reasonable apprOXimation there arc no significant preshock pressures associated with pop

corning effects and subsequent thermal radi::ltion. The further conclusion Ill:ly ue dr::lwn that

although thcrrll::ll shoc\; m::lY occur close to Ground Zero, it is not significant as a mechanism
for precursor gener::lt ion, inasmuch as it is only expected to occur under those conditions where

the !Jrecursor will form at slightly greater ranges according to the heated layer concept.

2.8 TRIPLE POrNT (MACH STEM CONSIDERATfONS)

2.8.1 General

Detailed data on the path of the I\I::lch triple point ncar the ground were outained on Shot 9

of UPSHOT-KNOTHOLE. In addition, the shock photography gave Mach stem data high auove

the ground surface' (up to 500 ft) for Shots 1 and 10. No data on triple point path were obtained

on Shot Ii. Comp:lrisons will be made between the Shot 9 data and similar measurements on
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TUMBLER Shot 1; also, it will be valuable to show how these nuclear data compare with Mach

stem data obtained from TNT detonations.

2.8.2 U-K Shot 9 and Thermal Mach

Theoretical considerations of shock-wave configuration show that the ground range at which

a Mach re[lection begins is a function of the shock stren~th and the burst height. The theory

predicts Mach reflection starlin~ at a ~round range about equal to the burst height. In the ab

sence of surface and/or thermal effects, this prediction has been substantiated by experiment.

For U-K Shot 9, the Mach stem was expected to ori~inate at about 2400 ft ground ran~e.

The ?Iach stem development, as determined from the data shown in Fi~" 2,44, indicates the ex

istence of a Mach stem as close as 800 ft from Ground Zero. It is to be noted that a relatively

similar early development of a Mach stem was reported for the nearest scale 1.0 KT shot of

TUr-1BLEH 1. It appears plausible to attribute this formation characteristic to the presence of

:', tht:!rm:li layel" similar to the results of shock-tube expe .~ "'''''<: oerformed at Princeton. The

incidenl wave impinh:in~ upon a thermal layer above the normal b ,und layer will u'nder~o re
fleC:lIons :ll lJoth the thernl:!l boundary and the ~round. If this is tht:: case, there will be a region

wherein a Ma<.:h wave develops in the thermal layer from the interaction of tilt:! transmitted

shock with the ri~id earth boundary. This is termed a "thermal Mach shock," since it is pro

duced :IS :1 result of the bending' of the incidc'nt shock due to the therm:!1 layer and occurs before
the inrident :lnf;le of the incidelll shock wal'e is larg-e enoul;h to form a MJch stem in the ab

senc:e of a thermal layer.
II is lO be noted that the data pointS of Fig. 2.44 are b;J.sed upon a series of extrapolations

fl'om arriv;J.l-lillie datJ, assuilling a standJrd Mach Slem confi~urJtion eXiStS, namely, an in

cid<.'nl, reflecled, Jnd Mac:h wavc 1l1celing' Jt a point. The scnsitivity of this d:lta reduction

IlIL'thod to :lrrival-time errors is indicated ill Fi~" 2.~4 where lilllit bars arc dr:lwn from each

data poillt c:orresiJondln~ lO 0.5 mscc deviations in lIt lr . The dashed lines in the fi~ure indicate

IhL' g-I"OSS limits within whic:h the Mach triple point trajec:tory e:"isted on U-K Shot 9.

Tho:: A-sc:aled comp:lrison of the M:lc:h Stelll heig-ht 1'5 ~round range data from TUMBLER

llU.11 alld U-i\ Shot 9 is presente:d in Fi~. 2,45. Although the datJ from TUr-IBLER 1 are meager,

the agrecillellt is good and the figure iIldic:l[cS thaI ~lach lriple point Ir:ljectory does scale in

[lie' ide:l! 1I';1\'c' for III re~ ion.

ri~ure 2.46 presents the results of pholo~raphic d:lta J on Mach stem hei~ht vs ground r:lnge

fur U· i\ Silul~ I and 10. ThL' U - K Shut 10 d:lt:t indicate that a therl1lal ~I:tch shock formed at

('I"S(:-III ~ruulld r:tnges bdore the extJ'eIlle Jnglc of rC'[;ular r-!:Ich reflection lI'as realized. for

U-!\ Silot I, the d:ll:l do not extenu lO loll' cnCJu~il ground J'angcs for ani' conclusiOlls relJtil'e to

the' [ul'llI;uiun uf till' lherlll:tl r-bch shock on lhis shot.

2.8.3 Nuclear Vs TNT

It is believed of v:liue 10 present some sUlllmarizing; analysis of Mach stem results to date

with reSpl'c( lO nuclear tests. The basis for the summJry \\'il! be comparisons of available nu

clcar data in the ideal shod region with the triple point curves (norm:llized to 1 KT) from

Zlrkind's recenl report. 11 These curves, shown in Fig. 2.17, were obtained by taking the re

sulls uf J'('c:enl Ballistic: Rese:lrch L:lIJor:l(OI'lCS (BilL) MJch stem experiments with TNT

char~es. :lSSlIlllinf' a 1'1\'1' bl:lSI efficienq' of 50 per cent for nuclear charges, and replottin~

the' data fUI' various A-scaled burst hei~IHs, Lisin~ the curves of fi~. 2.47 as the basis of com

parisCln accomplishes lhe purpose of re\·jewing the relation between nuclear and TNT Mach

I'd! L' <.: t ion ch:1 1':1 ('l e I' i s tic s.

The: agTeemeIlt between the curves of fq;, 2.~7 Jnd ttle GREENHOUSE Easy, U-K Shot I,

and U-i\ Shot 10 Mach stem data is ~ood. However, as the heighl of burst of the nuclear charl;e
is Increased, the agreement becomes progl'essively worse. The TUMBLER Shot '1 (A-scaled

height of burst =363 ft) dat:l give a curve in the ideal shock ...... :\Ve region corresponding to an

A-scaled hel~ht of burst of about 100 ft; for U-K Shot 9 Jnc! TUMBLER Stlol 1 (A-scaled height

of burst" 750 ft), lile triple point datJ a[:ree Wilh a TNT eqUivalent hci~ht of burst in exccss of
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900 ft; for TU1>fBLER Shots 2 and .3 (A-scaled height of burst ~ 1000 It), the· agreement is poorer
yet.

The general conclusion from the foregoing is that for low A-scaled burst heights (less th:lI1
about 300 ft) the nucle:lr Mach stem data comp:lre favor:lbly with the curves from TNT. How

el'er, as the A-scaled burst heights are increased, the nucle:lr results correspond to triple

point trajectories th:l.l would be predicted for TNT charges detonated at signifiCJ,ntly higher
heights of burst. The foregoing general conclusion is substantiated by the Air FOI"ce Cambridge

Research Center (AFCRC) canister measurements, which determined some points on the triple
point path at very high altitudes.

2.9 HErG HT-OF- BURST CUR VES

2,9.1 History

The ori[:inal concept of the height-of-burst curves was to assist military pl:Ulning groups
in dt?tel'mining the most efficient utilization of atomic weapons for operational situations. An

early requirement had been established for information relating the height of burst to blast
effecls at vaJ'ious ground ranges in order to select the proper yield and conditions of detonation
for :ttOl1llC weapolls. Peak overpressure was selected as the most representatil'e bl:lst parame

ter ill rela! iOIl ttJ danlab"e critcria based largely on Japallese experience. The first Set of hcight
oi-bursl cUI'ves wel'e those prepared in 19-19 by me:lI1S 01 all analytical treatment of conventional
shock-wave theory, small-scale HE and shock-tube experiment:tl results, :lIonl:: with the nuclear

ail' lJl:lst data for Bikini Able nleJsul'ed :llong the surfJce. Thesc curves gave values of peak
ol'erpressure \'s ground range as a function of height of burst for I KT (RC). The normal cube
root scaling laws for blast phenomena WL're assumed ... alid in applying these cur ... es to other

wt!:lpon yields. In addition to oper:llional planning, these curves were also used to provide cri
teria for weapon de ... elopment.

It was noted in 1951 th:lt air blast pressure measurements on both SANDSTONE and

GREENHOUSE gave somewhat lower vJlues than those predicted from the hcight -of -burst
curves. These results did not appe:lr to have serious operationJI significance since these tests
il1\'olved only tower shols, Howcvc:', plans were made to me;J.sure ail' bl:lst pressul"es fur the
foul', air bursts of BUSTER,

The BUSTER results in the high-pressure region were very nluch lower lh:ln those pre
dicted from TM 23-200 (I October 51), Consequently, SupplemL'nt I to this pulJlic:ltion was

Issued 011 8 February 52 to pl'ol'id", the DOD With new heil:ht-o[-burst curl'es on In interim

basis, These CUI'\'':S, l:lbeled ~ood, (;lir, and poor, included pressure reductions b;Jsed on theo

reliel! consid.:ralion o( both thermal :llld mech;ulical e[iects. Simultaneously, plallning pro

ceeded for TU/llOLER during Y..hich it was proposed that comprehensive measurements of blast
and thermal radlatioll be made follo·,.. ing thL' detonation of different yield atomic weapons at

I':lrious heib:"hts, In particular, d:lta on pea.k overpressure gathered by different I;roups would
be correlated to prep:lre new height-of-burst curves. The experimental program ..... as also de

Signed to provide enough scientific information on the nature of the blast wave to permit the
a;Jplication of the TUMBLER results to more realistic target areas,

The results of TUMBLER are presented in Report WT-51-l, Final Summary Report. l An
empirical set of height-of-burst cun'es was prepared, based primarily on ground.le ... el pres

sure measurements for the TUMBLER shots. The blast data from the TRlNlTY, SANDSTONE,
and GREENHOUSE tower shots, as ..... ell as the JANGLE surface shot, were used to obtain the

zero height intercepts and the i:cneral nature of the contours for low burst heights. In the rel::"ion
abo"'e a scaled height of 1000 ft, where there were no full-scale e:(jJerimental data at that time,

a theoretical trealment of the TUMBLER free air pressure-distance relation was used to com
pleu? the curves,

A shaded are:l was presented in these cur ... es to indicate the region of blast-wa ... e distortion
due to thermal eifects, which were particularly evident on TUMBLER 4 where a precursor de-
... eloped, For those weapon yields and heights of burst [or ..... hich precursor effects are signi!i-
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cant, it was recommended that pl'essw'es in the shaded area be reduced by I/, for certain un

favorable target conditions, such as extremely dusty areas. For those areas considered to
represent favol'able target conditions, such as walel' sudaces, pressures in the shaded area

llIight be increased by as much as I/~. With these reservations, the TUMBLER height-of-burst

curves were included in TM 23-200 (1 October 1952) for use in operatiO:1al planning,

2,9.2 Philosophy

Tho:' ~hiloso~hy of the TUMBLER height-of-burst curves was to use peak pressure as an
arbitrary standard of refel"ence since it was a physical effect easily measured and was con

sidered to be the single phenomenon of importance in determining the effect of loading on a

IJq;c class of importa.nt taq;ets, At that time it was realized th:1t several other parameters

could just as easili,' be used for height-of-burst curves, such as dynamic pressure, particle

\'elocity, density, or telllper-:Hul'e, since these are interrelated properties of conventional pres

sure W'H·es. Therefore it was generally understood that inherent in the designation of the pres

sure le\'el was also the specification of the relative \'alues of the other "ssoci:lted physical ef

fect:; related by classical theoretical equal ions for ideJI shock wJves, Consequently, it was

intended that the height-of-burst curves be used in conjunction with tabulu d:lla correlating

type of structure, degree of damage, and corresponding peak pressure level in order to specify

d:lm:lge critcriJ for :, variety of weaJ.lon siz.es and hei~hts,

Durin~ TUI;IBLER, a fel\' dynalllic pressure measurements were nlJde, However, there

appeJred to be no significant departures in these meJsurements from what would be calculated
fronl Ille:burec! overpressures since v:llues of CJ were obl:J.ined for high burst heib:hts where

lhernlal effecls on the blast wave were minimized. As a result, the signific:lIlce of dynamic

pri.'ssures in the nonideal reb:ion for low burst5 W:lS not recogniz.ed, It was believed that the

si~niflcant reduction in pe:lk pressure :\nd the badly distorted W:l\'e forlll might seriously re

duce dalll:J.ge in the region near Ground Zero,

As noted pre\'iousl)', during UPSHOT-KNOTHOLE, several agencies participated in studying

u:lsic phenomenJ in order to supplement a\'ail:lble (ull-scale data and permit a better under

st:.Jndinl; of the (undJlllenIJ! bl:lst effects associated with air bursts of nuclear weapons. In

order [0 investiE::lle nlore fully the nonideal reg-ion, PrOi;r:J.1ll 1 included measurements of both

ov('rprp.::>surc: :Inc! d)'nanllc pressure (01' ShOlS 9 :lnd 10, as well JS preshock sound velocity over

\':lrlOUS surf:ices. As a result o( these me:lsurements, it W:J.S clearl]' evident that the cl:J.ssical

rL,lJ.llOIl uc:tll"eell p Jnd q W:lS nO longer \'alld in the precursor region (or 10\1,' bur'sts. Tht: meas

ured \·J.luC's of q were conSiderably hq;her than would hJ.ve been calcul:lted frolll measured

\":llues or p by use of the fLlnklnt'-Hugoniot equation5. It was subsequently found th:J.t the Pitol

st:ltic tube W:lS susceptible to the effects of dU5t; thus the measured q values include the dust

10~ldlng present in the shock wJ.ve. This fJoct llIust be considered in comparing measured q

values to the ide:l1. The ideal height-of-burst curves for peak overpressure and dynamic pres

:;ure 5hown in fi?:s. 2.8 :J.nd 2.9 assume a perfect reflecting surface with no perturbations to

the blJSI WJve rt:sulting' frolll dust or thermal effects. The deviation of the UPSHOT- KNOTHOLE

eX[Jer lmental datJ from the ide:J.I as a function of height o( burst will be discussed below, The

surfJ.ce-level pressure data (A-scaled) for Shots I, 3, ~, 9, 10, and II are shown in fig. 2,48,

2.9.3 Air Overpressure

figure 2,~9 presents the ideal pe:tk :J.ir overpressure height-of-burst curves (Fig. 2.8) with

the U-K data points included on the filjure. A few pertinent general comments C:lIl be made with

reference to this figure.

The e.....1Jerilllental values of peak overpressures (or Shot 9 :J.ppeared to agree well with the

ideal curves for values of overpressure equal to 6 ~si and below. However, even for this rela
livo.:ly hq;h heib:ht-of-burst shot, there are sib:nlfic:lnt deviations from the ideal at hif:her over

pressu["(~s. For U-K Shot 1(112 ft A-sc:J.led burst height), Shot 10 (202 ft A-scaled burst height),
:lnd Shot 11 (314 ft A-sc:lled burst heighl), the data points for overpressures of 8 psi and lower

seenl to a!::ree qUlle well with the ideal curves. However, In the stronb:er shock reljions (10 to
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50 psi) the devi<ltions from ideal are marked. In fJarticular, the points (rom Shot 1 corresfJond

in~ to this stron:;er shock reg-ion indicate J seriou~ reduction in overpressure (or this low

height of burst. If one is to retain the zero height-of-burst intercepts JS obtained (rom the

JANGLE surface ex-periment, then it is evident thJt the height-of-burst cur'ves near 100 ft

A-scaled heig-ht must exhibit a shJrfJ inflection or "knee,"

It would Jppear from the UPSHOT- KNOTHOLE results thJt there still remain uncertainties

with relJtion to the nonidea! region of the height-of -burst chart for peak overfJressure.

2.9.4 Dynamic Pressure

The dynamic pressure height-of-burst curves for ideal conditions as presented in Fig. 2.9

were constructed using a fJeak air overpressure ideal height-of-bul'st chart and the clJssical

shock-wJve rel:uions. It should be pointed out that there is a necessary ambiguity existing (or

drnamic pressure calculations near the reg-ion of trJnsition between regulJr and M<lch reflection.

In this transition zone one may obtain a discontinuity in the dynJmic pressure curves, For this

reason it was necessary to fail' in the curves of fig. 2.9 neJr this trJnsition region, In addition,

by definition, the drnamic pressure approaches the vJlue zero at Ground Zero; lherefore it wJS

necessary that these height-of-burst curves agree with this I'cstriction.

The UPSHOT-KNOTHOLE expel'imental dynamic pressure results :lre indicated in Fig.

2,50 for Shot 9. The agreement with the ideJI curves is quile g.ood, the result which might be

expected on the basis of sm:lll thermal effects ex-perienced on this shot. It is evident that the

peak dynamic pressure:; show significant scatter :lS cornpJred to silllilar dJta taken for peak

ol'erpressul'e.

For the lower burst heig-ht, Shots 1 and 10, the comparisons with the ideal curves yield

similar results. For dynJmic pressures less thJn about 3 psi, the data, although meager, agree

well with the icleal. However, for c1yn:lmic pressures of 10 psi Jnd lal'ger, the measurements

indicate that the values are significJntly higher than would correspolld to ideal conditions. It

should be noted th:\l on Shot 10 three gages from which dynamic pressures were obtained in

dic:lted thJt they were overr:ln~ed. In addition, the Pilot-static tube is sensitive to dust; thrre

fore q l11e:lSUI'elllCllls ill the nOllide:l1 re[;iol\ for ShOI 10 JI'e necess:lrily Iinlited in their signifi

CJnce. FOl' Shot II. a hlgh-yicld del'ice at :In A-sc<lled hei[;ht of burst or about 300 ft, the ~ingle

dyn:ll11ic pressure measurement neJr G psi Jgrces well with ideal.

2.9.5 Summ:lry

Thl' oVl'r-:l11 sl~nificance of UPSHOT-K!\'OTHOLE WJS to pOlnl out lh:ll th~l"IlI:l1 effects upon

thl' bl:lst \\'a\'c could dCfJreS5 pcak o','erpressures quite severely so that serious depJrtures from

tile ictc:tl could be expected for.·low burst hei£:hts dependll\g on surfJce condlliOI\S. Furthermore,

it was leuned that height-of-burst curves for pe:tk ol'erpressures do not uniquely define all

bl:lSI pJrameters in the nonide:ll region. It is considered that UPSHOT-KNOTHOLE substa.n

tlJted the thermal layer concept for precursor generation. It should be noted, however, thJt

nothing further W:lS learned. that would e.,<plain the results of BUSTER in so fJr JS the extrelile

depressions of peak rnessure from the ideJI were obsened for various burst heights on that

operation.
It WJS also demonstrated in the non ideal region thJt dynamic pressures were not corre

spol\dingly de\-lressed but could be larger than those calculated from ide:ll values of peak o\'er

pressures. It is considered that measured values of q as recorded during this operation in

cluded the effects of dust; however, the exact contribution of dust under such circumstances has

I\ot been completely determined. The dust pedestJl actually extends to appro.,<imately one shock

wave length beyond the r:lI1g"€' at which the precursor becomes extinct.

The usu:!l ch:1r:lcteristics of precursor lorm<ltion and prorJgatiOI\ were observed on Shots I,

lO, and II, except th:!t SOllle deviations were noted 011 Shot I. Shot I exhibited J. steep rise in

conlrJst to :l more Irregular wa\'c form observ"d On Shots 10 and 11 and on TUMBLEI1 4. Shot

1 m<lY be considered In anOnJ:lly in so f:lr <lS more severe thermal effects were noted th<ln on

GREENHOUSE Dog' :lnd E:lsy, although the delivery of therm:J1 r:ldlJliOll vs time was similJr in
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all three ca~es. It is considered that very little experimental data were obtained that would

;Jssist in dl>vtdoping critE'ria for predlctinl; precursor formation and propagation.' Bowever,

U PSHOT-KNOTHOLJ:: ..... as successful in pointing out lhl.! need for fUl·ther information on flow

patterns behind the shock front ill.the nonideal region.

2.10 DAM.-\GE CRITEI1lA

2.10.1 O:lsic COllsid,>ralions

111 d('t('rn.linin~ damag"t> crileria to targets of military interest, the geometry of the burst is

a si~nificallt bClur. The diiference bClwl'ell hi[:'h and low bursl heil;hts i~ pointed Ul-' by thermal
ctlllsidcr:llllJnS .....hich affect blasl- ..... ave parameters for low bursts. Such effects are superim

pospcl upon normal geometl'ic considerations with regard to the extent of the regular reOection

re~ion and th,' triple I-'oint. Con~equenlly, the effective blast parameters used to predict damage

arc' inlplil'illy rel:llE'd to burst positioll and weapon size. Ho ..... el·er, the extent to whi.ch thermal

influ('nc,'s Oil thl.! blast wave are significant in realistic situations has not yet been completely

dl'll'rmined. A faclor which most probably contributed to the extensive damage on U-K Shot 10
was lhi: rel:ull'ely hit:h flal-top pressure ..... ave form in the precursor region ..... ith constant blast

pr,'ssure and ('urresponclinf!: dynalJllc pressure ovcr an extensive portion of the posilive phase.

[n III<' (';l';l' 0f dra~-sl'nsitil'e targets, results of U-K Shot 10 indicated lh:ll rclatively low burst

hl'l~h:'; 1l1:1Y b(' mOSI fJI'or:IIJI(' for opt i/llUlIl d:lmage because of S1 ron~ wind lo:,din[;s due to bursl

~l'ulll,'try. A questiull naturally arises :IS 10 lhe contribution of dust loadilll,; in the non ideal re

~ion :lnd lh(' si~lliric:anc(' of lht, flail" pJtlern ullder such CirCU/llStances,

2.10.2 Usc 0f the Hei~ht-uf-lhJl"SI Curl'es

The elilire phdusop!ly of the height-of-bursl peJk pressure curves has been revised as a

resull of Ihe unexpectedly high dynamic pressure observed On Shots 10 and II in the nonideal

rCk:iuli. Till' resull~ ha\'l' produc~d ess<'nllally a sharp devi:1l10n ill the nalure of dan1:lge crileria

rl'qulrl:d fu[' I'ariuus types of struclures, The origill:ll 11IIent of tile heil;hl-of-burst curves was

nul lu pl'('SL'1I1 I'l'ak prl"s:iu ['e \'alul's lllat wuuld cauSe darll:1g"C: but r:lIher 10 Indlcale dIstance

frulll Gr(Julld Z,·I'U:.It II"lllcl, p:lrticular dl'gn:es of d:llllab:': occur. The Ilel~hl-of-bursl cun'es

w,'n' tu be used ill conjuncllun witll In auxiliary tal.i1e preselllin:; the types of structures and lhe

o-u-l"allect "prc"sul'c" lC:I'el at v.. llich lifihl, 11l0dcrate, 01' sel'ere dama:;e lIlay result. Tile com

binJllun "f the taul,' alld S,'{ of hei~hl-of-bu:st curvcs "·:.IS intended 10 currClale the tYI,e of

Sll'uelur.:: :lnd th'l' distallC(' frolll Ground Zero al which the ~fJecificd daillabe IS estimated lO

(:.ike placc. Tile JClual pressure v:Jlucs wcre not inlendo::d to be the sole crileria of d:llllage. It

lS believed thaI lhl' UPSHOT-KNOTHOLE results do not sib:nificJnlly alter Ihe foregOing phi

losuphy in the c:lse of pressur('-scnsilil'e largels, Olle lIl:lin conclusion resultin~ from the

UPSHOT-KNOTHOLE pl'o[:'ranl :lppeal's lo LJe th:lt there is :l need for all equil'alent set of hei(;hl

of-uursl cun'es presentin~ dynamic pressures ratller lhan static overpressure to be applied in

I-'I'0LJleliis illvol\'in:; drag-sensitive larbets, For example, in the case of mobile tallks and trucks,

the vertical components of the precursor pressure ..... Jve may lend to lift the tarl;ets off the

ground alld thereby convert thcm essentially into 1Ilissiles. As a result of severe impacl forces

experienced upon landing, thesc missiles can suffer very significant damage. Dynamic pres

sUI'es In lhe precursor re[;ioll appear lo be lhe most sil;nificant contributing factor to phenomena

of this lype. Another area where dral; effects are important is in the case of parked aircralt,

which are more sensitive to gust loading than static overpressure,

• Following UPSHOT-KNOTHOLE, a series of tests (CASTLE) was held in the Pacific. It is

considercd lhat the rcsults of these tests, for weJ.pons ran:;ing from 100 KT to 15 MT bursts at

the surfar.e o\'cr an essentially ideJI reflecllnr; plane, g-ave results consistent with predictions

accul'din:; to cOllvcntional sc:i1in:; of blast-wave parameters" No si:;nificant lhermal effecls on

the blast wavc wez'e obserl'ed dUI'ing lhese leStS, allhouf:h liOn ideal wave forms were observed

:lS 1\'1'11 as possible wJter 10:lc1in~ of the shock wal'e.
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Since measured pressure varies with height above ground, the nature of the height-or-burst
curves is governed by the choice of the data to be used, On the basis of the intended purpose of
the height-of -burst curves, it appears satisfactory to use surface-level measurements, since

the height-of-burst curves are used only as an arbitrary intermediate frame of reference to

associate structures with areas of damage. One important factor that must be considered in
the use of burst curves is the orientation of the structure with respect to the direction of blast

loading, It is quite probable that a IO-psi pressure wave strlkin~ normally against the side of
a structure will result in significantly different damage than a similar wave impinging on the
roor of thc same structure. This question can possibly be resolved by a study of the charac
teristics of response to blast loading for individual types of structures, and some modifying
paramel('r can be used in problems whel'e these structures are being considered, It is be

liE'l'ed thJt the fundamental purpose of the height-of-burst curves is to give design engineers

sOl11e reasonable estimates of the n:lture of the blast 10Jds that will occur in various areas due

10 a nuclear blast,

2,11 REC01YfMENDATIONS FOR FUTURE TESTS

As a result of UPSHOT-KNOTHOLE, it is now possible to define mOre clearly the Jreas of
unccrrainty in basic bl:lst phenol11cn:l, It is considered that one of the primary deficiencies in
thp st:lle o( knOll"lecl~e relates to the d(ee:ts o( therlllJI radiJtion on re::l1 surfaces and formation
of the therm:ll layer. Indeed, the sL'miempiriCJI cl"iteri:l for precursor prediction apply largely
to teSI surfJces such as d.::sert, sand, and t'ora!. Evell for these surfaces, however, details of
the presllOck soulld velocity or the mechJnism of heat transfer necessary for a thermal gradient

h:l\'C' nOl been est::iblished, Consequently, it is difficult to extrapolate full-scale test results to

r~;d surfaces o( military interest, such JS forest, veg-etated areas, and Cities, in order to de

terrnlne their rel:lljl'e influence 011 the lJlasl .....ave as a result of thermJI irradiJtion. Since it is

app;\rent th;\t sudac:e dust effects on UPSHOT-KNOTHOLE were sig-nificant in so far as meas
ured \':lIUl'S uf dyn:llllic: pressure arC' cOllcerned, all attempt sllould be mJde to investig-ate the

pre('ur~or in tile :lusellce o( dust to determine the v:lrious rel:ltiolls between the parameters. It
is tllel'(.'(ol'e J'(:cOlllfllellded tli:lt J full-sc:lle test be held :I[ a low burst Ileilj"ht for purposes of

Il:L':l:iU I'illg th.: free: field blast p;\rJl1Ieoters 0\'(:1' (he re;.Jresellt:lt ive surfJces discussed in Sec,

2,~,3,G. which were described :IS ide:ll, desert, and oq;anic, In this w:lY departures in blast bc

1l:l\'iul' (1'0111 tlie ide:ll could I.!c ol.!:ier';l"d fur both :i dust alld nondu~lY pl'ecursol'. These l1Ieas

UI'~lIlelllS should illclude ol'erpressure and dynarnic pressure vs time as a function of g-round

I':lnge and height :lbol'c the' :;ruund or. all three blast lines, In addition, an attempt should be
11I:ldc to mC:l~ure such qU:lnlllleS :IS paniclc I'elocity, all' ::\Ild dUSI density, direction of pJrticle
m0tiOIl. lempel'Jlure, alld preshock sound \'eloclty ;'It I'arious stations to correlate with p and q
l1IL':I su I'e nlent s,

Another unl'esolved question rel:ltes to bl:lst-wal'e characteristics and damage in the non

Ideal regIOn for ::l low precursor-forming burst, as compared to that which would be obtained

in the SJme hig-h- intensity blJst region for an ideallJursl. It is therefore recommended that a

medium )'ield land surface burst be fired, preferably over a dusty region. This event would
prol'ide in(o/'l1l:ltion :IS to the relative contribution of dust to the effects of blast in the strong
shock region as well as to determine the significance o( the additional dust loading as the re
Sull o( the precursor, Such a test would also provide valuable data on cratering and g"'ro:.Jnd
shock as well JS thermal and nuclear radiation,

As noted abol'e there is I'ery little test information in the ideal region for blast waves
hal'ill~ :Ill intensit)' correspondinl; (0 those observed on UPSHOT-KNOTHOLE in the nonideal

case, ft is considered that a low air burst over an ideal surf;'lce would provide such information.
fn ol'der (0 avoid interaction of the fireball with the surface, a true air burst should be em
ployed with an A-scaled height of burst equal 10 or greater than 1.5 fireball radius. It is there
fore recollimended th:ll ;'I hi~lI·yield air burst in tile llle~JlOn ranlj"e be fIred Lo provide basic
Jir blJst data in (he ideal case for 10',1,' bursts as well as (0 confirm scaling under such blaSl

conditions,
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In order to resolve present differences in predict ion criteria for precursor formation,
recommended that blast measurements be nude for a 1 to 2 KT burst fired at an A-scaled

height between 50 and 450 ft, A development shot on a tower would be satisfactory for such
purposes .•
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CHAPTER 3

THERMAL-RADIATION MEASUREMENTS

3.1 BACKGROU~'D

The prim:lry objectives of the b:lsic therm:ll-r:ldi:ltion nHl:lSUremCnlS pro~ram were two

fold: (1) to provide doculllentation of the thermal ch:lfacteristics of Shots 9 :lncl 10 for the mili

tary effects leSts :lnd (2) 10 obt:lin dat:l on the b:lsic therm:ll phenomena of the series of test

delOn:ltions to supplement rel:lled inIorm:ltion from previous tests. An addition:ll objective of

second:lry interest W:lS to obtain therm:ll d:lta with the AFCRC V:lcuum c:lp:lcitor microphonc

for eV:llu:ltion of th:lt device as :In instrument for mC:lsuring thcrmal phcnomcn:l.

Through the efforts of lhc Nav:l1 Rcsearch L:lboratory (NRL) and Ed~erlon, Gcrmeshausen

&.: Grier (EG&.:Gl, undcr the We:lpons Development Group, and AFCRC :lnd NRDL, under the'

Military Effects Group, :1 larl:'c qU:lntity of d:lta on thcrm:ll phenonlena was :lvail:lule for cor

relalion with relatcd information from previous tests. Thc correl:ltions for the phenomen:l of

interest :lrc pl'esented :lnd discussed in lhis ch:lpter.

D:lta on l.hermal yields :lnd limes to minimum :ll1d second m:tximum of the radiant pulse

were aV:lil:lule from NRL and AFCIlC measurcmenlS on Shots I to 10. D:lt:l on times to the

minimum were :ll':lil:lble from EG&G uh:lnl::llleler mcasuremel1ts on Shots 1 to II excepl for

Shots 3 :lnd G. D:lt:l on thernl:ll yields, times to minimum :lnd secpl1d ma..'dlllum, :ll1d therm:ll

energy I'S dislJnCe were :l1':lilablc from NIlDL measurements On Shots 4, 9,10, ar;td 11. In :ld

dilion the Los AI:lmos SCientific Labor:ltory (LASL), using NIlL equipmcnt, determined the

thermal yield of ShOl 11.

Supplementing the dIrectly me:lsurcd quantitics enumer:ltcd :lbLlVe W:lS :l consider:lule

amount of NIlDL d:lt:l rel:ltcd to almospheric :lnd ground sc:llter and ground :lbsorpt ion. This

l:llter cate!jory of d:lta, although not J.n:llyz.ed, appears potentially attractive for further study

and correlation.

3.2 INSTRUME~TATION

3.2.1 Tot:ll Thermal Ener~j' and Flux Vs Disl.J.nce

1 . .\"RDL disC' calorimelers. These instruments :lfe simil:lr to those used in TUMBLEIl

SNAPPER and:lfe considered to be the basic thcrnl:ll instrumcnt (scc Project 8,10 Ilcport WT

773) .

2. NRL lolal eJ/(!rgy {/u:nJ/opi/cs. These instruments wel't:' used in the AEC bJsic meas

urements \l1·Of:i:l:l1. (Sec Project 18.1 Ileporl NHL-oiJ95, IlD No. ~20.)
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(a) Naval Material Laboratory (N/'dL) cosine-lallJ thermal altelll..U1ting calorimeters, rOWl

dc/so (See Projects 8.9 a.nd 8.4-1 Reports 1,1,'1'-772 and 1,1,'1'-768.)

(b) Army ChclI/ical Ce1ller (ACC) blad ball calorill/eters. These calorimeters are similar

to the instruments tested by NRL at BUSTER-JANGLE and were used primarily to measure in
cident energy over 4" geometry under the smoke screens (see Project 8.4-1 report).

(c) AFCRC L'aCIlII1I/ capacitor I/Iicrophol/c. Total ener~y was obtained by integration of
time-intensity curves (see Project 8.2 Report WT-767).

3.2.2 Time-Intensity Relations

1. NRDL foil radiometer. These instruments are similar to those used in TUMBLER

SNAPPER. Times to the minimum and second maximum of thermal radiation are determined
as well as a complete intensity vs time curve (see Project 8.10 Report 1,1,'1'-773).

2. A FCRC /'aC/1I1I1I capacitor micropl:ol/e. This instrument, still in the developmental
state, yields both tillle intell::;ity and tillles to minimum and second ma.ximum (see Project 8.10
Report 1,1,'1'-773).

3. NRDL ("a/orill/der Cllrt'CS. Differentiation of the total energy curves as obtained from

the disc calorinleters are used as a secondal'y method of determining time-intensity relations
(::;ce Project 8.10 nepal"! 1,1,'1'-773).

i. EC&"C bhrlllg7lll'lcrs. The bhangmeter, which is used primarily for diagnostic purposes,
f-lroduces the tinle lo minimunl of thermal radiation with excellent resolution.

5. SRL spL'ctro~rul'hs. (See NRL Projecl 18.3 report, when printed.)

3.2.3 Spectral Chuacteristics

1. .""RDL ClllorilJl('/L'r. Time int('nsity and total energy in brOJd spectral bands were de
terrllined from basic.: calorimeters expused behind broad bJnd pass filters (sec Project 8.10

Heport 1,1,'1'-773).

2. "';lfL cosinc 1(/1/' a!telllw{ing cllforiJllcl(;r~·. These devices were exposed behind broad

band pass filters to determine :lS a sec.:ondary nlethod the tOl:l1 eneq;y c1elivered in tile same

spec.:ll·al re[,;ion as those studied by NRDL (sec Project 8. 9 report).

3 . .\'fn sp,'Ctro.I,'roplrs. (Sec Project 18.3 reporl.)

3.2.4 Spl?cial Studies

I. Ai, sClilier. The contribution of air scatter to total thermal flux received was studied

oy NnDL usinl,; various field of vie ....' adJptors on standard calorimeters. In addition, severJl
c.:alorlmi1l('rs were specially shielded from both the fireball and the ground so thJt all the en

er~]' which reached the sensin~ element was that which was scattered into the field of ~'iew by
tile Ji I' (sec Project 8.10 report).

2. Crol/l/(! ,.,,/7ec{al/ce. The contribution of ~round reflectanre to total thermal nux re
cei\'ed by aircraft in flig-hl in the \'icinity of In atomic-bomb detonation was determined from

stJlld:lrd c.:aloril1leters plJoced in m:lnned B- 50 Joircralt and NJovy drones. Specially shielded
c:llorirneters alon~ the ground, which viewed only the ground, were used by NRDL to study
~I'ound reflection (see Prujects 5.1, ',1,'1'-748; 5.2, WT-749; and 8.10 reports).

3. Ther/llllf ins{,'/llI/cnlllti(}// /lndi'" sll/oke screcns.

(0) .\'f(UL calorillli!lers. These Instruments were oriented so as to measure the goniomc

try', or sp:ltiJI distribution, o( thermal racfi:llion Jrrivint; at a point ..... ithin the screen (see Proj
ecl s 8.4 - I, 8. i - 2, :lllCl 8. lOrepo r t s) .
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(b) NML cosine lall' thennal aftelluating caloY'imetcY's. The roundels were used under the
white smoke screen to provide a statistical number of determinations of the spatial distribution
of thermal radiation for the construction of polar diagrams of scatter within the smoke. screen

(see Projects 8.4-1 and 8.9 reports).

(c) ACC black ball calorimeters. These calorimeters were used to measure total inte
grated !lux over 411 geometry (see Project 8.4-1 report).

Isolated results from thermal measurements made under the smoke screen may be found
in the reports of Projects 8.4-1, 8.4-2, and 8.10. Analysis and discussion of results may be
found in reports of Projects 8.4-1 and 8.4-2.

3.3 RESULTS AND DISCUSSION

3.3.1 GenerJ.1

The recent publicJ.tion of AFSWP-503,1 which is a digest of all data accumulated on the
basic chJ.racteristics of thermal radiation from weapons tests through Operation IVY, prOVides
a yardstick against which the thermal data from this operation may be compared ..Except for
the times to minimum in the radiant pulse, the new therm:ll data from UPSHOT-KNOTHOLE

agree with those scaled from AFSWP-503 within the limits of accuracy of the data and the

sCJling re1J.tions. Pending a thorough analysis of forthcoming TEAPOT thermal data and the
data from this operation and from prior tests, it is felt thJt the thermal scaling relations in

the AFSWP pJper should be continued in use. The various thermal phenomena from this opera
tion, therefore, have been plotted on copies of the appropriJte curves from AFSWP-503.

3.3.2 Total Energy Vs GroWld Distance

Figure 3.1 presents the results of total thermal flux vs ground distJnce JS obtained by
NRDL (Project 8.10) for Shots 4, 9,10, and 11. The dJta represent thermal energies incident
on surfaces oriented normJl to a line of sight to the fireball. The measuring instruments were
mounted at heights above the surface sufficient to minimize the effect of obscuration by dust
erupted from the surface durin~ the thermal emission period.

For Shots 9 and 10, d:lta are aVJilable for total thermJl flu:<es otJt:lined by Project 8.1
measurements with NRDL type instruments mounted 5 ft J.bove the stabilized areJS of that
project. The scatter of these data about the curves in Fig. 3.1 constructed from the NRDL dJta
are not considered signific:lnt. It is fell that the Project 8.1 results lend credence to the pre
cision with which basic thermal data from air bursts may be applied to effects targets not in
strumented with calorimeters, under the ideal conditions prCI':lilin[; J.t the NPC, provided the
targets are placed over suit:lbly st:luilized areJs.

3.3.3 ThermJ.1 Yields

Table 3.1 summarizes the data on thermal yields, i.e., the energy in kilotons emitted as

thermal radiation by the detonation of each weapon. For each shot the air transmissivity in
per cenl per statute mile. as obtained by NRL, is given.

In the calculation of the thermal yield from measured values of the radiant ener!:'y, cor
rections must be made for absorbed and scattered radiation. In a recent paper by Drummeter,:
an approximate method is advanced {or correcting observed thermal energies back to those
which would obtain in the absence of the atmosphere and the ground. Drummeter has applied
his method for CJlculating the NRL thermal yields as given in Table 3.1. Thus the NRL data
hJve been corrected {or the effective temperature of the source, field of view of the receiver,
scatter and absorption by the air and ground, and geometry of the ground with respect to the
receiver. On the other hand, the NRDL thermal yields hdve been corrected only {or the radia
tion SCJllel'ed from the specular path between the source and receiver (i.e., corrected for air
transmissivity). Since the NRDL measurements were obtained largely at relatively short
ranges, neglecting the olher corrections introduces only sm:lll differences, less than 10 per
cent, in the NRDL thermal yields from yields otherwise calculated. The AFCRC thermal yields
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TABLE J.I-Tolal Thermal Energy :l1ld Air Transmissivity, All Shots

TOlal thermal ~nergy (KT)

Tutal ...·e~pon AFSWP-50J Air tr:l.IlS-

Shot yield (KT) NRL- t USNRDLf AFCRCr (Ca leulaced) missivit)'1

I 15.2 (j.0 7.H 6.0 9-1

2 :!-I.5 11 8.H 8.9 9-1

J 0.20 O.O:!':> 0.020 0.0016~ 95
-I 11.0 J.8 ~.O J.J ~ -1.2 95

5.0 ~

" 2:.1 9.J 8.91 8.J 9S

5 0.22 0.015~ 95

7 013.·1 15 17.G I 15.2 %
16. 7 ~

S .). II 10.31 9.7 93-,
9 ~G 10 10.1 10.01 t 9.-1 9~

J 0 1-1.9 5.2 5.~ G.51 5.5 91
-l.H

II 50.6 18.1' - 20.3 21 ~~ ..
• O~I:I ._,,!.:cI;:d f"om NRL RqlOrl ."0. -I:.I~5, no ."0. -120, based upon conv('rs:J.[,un

with Dr. L. r. Drummeter, Jr., 7 December 19501.
1:>"e t..:.\1 for ".\pl:lllalion of ~(;:lltl:r and :Ibsor~tion eorr"elloos.

INHL results on ~pe(;ular Iransmissivily in per cellI per Stalule mil(' for li\:ht of

:,500.-'1- wave lell~:th. Sl'" NRL Hepon -IJ~5, RO 1'0.0120.
l.-'ls nlL':I:;ured by .-'. rCHC al loc:ll :;I:ltioll:;, 1 10 :! miles from IGZ.
tAs m,';J.:;ured by ArCnC :.t renlOle stations, G',~ 10 1-1 Olile:; from IGZ .

• 'A:; ubtailled wilh NRL t:quipment oper~led by Dr. Herman 'Hoerlin of LASL. The

\':llue for :lir lr:lnsmissivily i:; doubtful: Ibyleil;h seanerinl; alone limils the IrJnS

mi"sloll [0 "llOUl 9G'I'! .,L·r e"nl pl:I" milt.:. II should be nOled IhJl th~ Ihermal yil:ld, a~

l:Ol"rl,cl,·d fur sC:ltl,'r :llld "bsorplloll, ....111 be low If 100 hihh a value I:; u:;(·d for lrans-,

rnission, :l~ W.:J:i in (hiS C:l'sl'.

h;1\'(' ue'en correcll'ci for air transl11issil'lly and field of view of the receiver. Thus the thermal

Ylelcis In Tailic 3.1 for the 10c:11 AF'CflC stations:lre of the order oC 10 per cent lower than

\\'ould be obtaincci if funhcr corrected for absorption. Thermal yields calculated Crom the

AfCRC dal:1 outaincd at the morc ci,Slant remote stations, if further corrected, would be ap
proximately 10 to 15 p~r cent.greacer,

The bct th~t all the clements entering into the calculation oC thermal yields have not been

considered by NJ10L and AfCRC is explained by a certain amount of confusion regardinl; the

mC'thod for makln!:: the required corrections and also by the relative importance attached by

NHOL and AFCRC to each oC the correction Cactors. It appears that it would be oC considerable
interest 10 re:1nalyzc the available data on thermal yields, incorporating into the analysis the

considerable qUJntlty of dat:1 on scatter and absorption obtained, but not analyz.ed, by NROL
fl'om this opaation :1nd at Oper:llion TUMBLER-SNAPPER. OC the calorilllet~r readings ob

tained at the two operJtions, between one-third and one-half oC the readings were obtained with

calorimeters viewins the ground, with calorimeters shielded from view oC the Cireball, or with
calorimeters h;\Ving fields oC view other than the standard 90 deg. Furthermore, the sensing

instl'umcnts used by NnL, NROL, and AFCRC are substantially di((erent one from the other in

spectral sensitivity and field of vie\\' to warrant examination and Curther analysis of the data
and performance of the instruments. The suggested analysis, it is believed, would test more

rq;orously Orummcle/"S method for correcting thermal measurements in Nevada and also
nli~ht help to clarify parallleters entering into the prediction oC radiative transfer through real
;Lllilospheres. The effort (or such an analysis, however, is beyond the scope oC this report.

The data on thermal yields are plotted in Fig. 3.2. The straight line log-log relation be
tween thcrmal yield and radiochelllical yield is that published in AFSWP-503, i.e., E = 0.4';V,'~·Iol.
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It is seen tha~ the scatter of the NRDL data is least, whereas that of the AFCRC data is greatest.

In most cases, however, the agreement between thermal yields as calculated from E = 0.44\0·'-1

is well within ±15 per cent.

3.3.4 Time Vs Intensity

The characteristic variation of radiant intensity with time from the fil'eball provides two
datum points of interest to effects studies, i.e., time of the minimum and time of the second

ma.ximum, the data for which are given in Table 3.2 and plotted in Filjs. 3.3 and 3.4.

TABLE 3.2-Times to First Minimum and Second Ma;'(Imum. All Shots

Weapon
Tim~ 10 minimum (msec) Time co second m:.lXlmUIlI (msecJ

yield ..>,FS\\,P- A FSWP-

Shell (K'I') NHL' ..>,FCnC USr->nOL I::G&Gt ::;OJ, Nil L' A FCllC USr-'iHOL ::;03,

I I G. ~ 19 J.I.3 H.::; 10.9 I~O I:!:! 1~~

~ ~~ .5 IS 17.5 111.5 13.~ 250 16G 159
3 0.20 3.8 I 'J 8.5 14

·1 11.0 11.2 17 10.5 9.0 117 II S lOG

5 ~3 15.5 IS.2 17.75 13. a 175 IG2 154

G O.~! 4.4 5.0 1.3 7.5 15

7 43.4 25.5 I~Uj 23.~5 17.~ 225 196 211

~ 27 19 1G. S 19.~ 14.1 1~5 155 166

9 ~G IG.8 23 17 .~ IJ.8 205 151 179 163
10 14.9 14.0 17 H.9 10.5 124 138 123
II GO. S 27 27. ~ 21.2 257 250

'O:ll:t extracted from NnL Report 4356. RO 1'10.393. Times to miniclum are indeterminate to

2 or 3 msec; limes to ma.ximum to about 25 mcec. Th~ times correspond 10 minima and ma..~ima in

black body lemperatures of the fireball.
rEGl.·G bhang-meter rc.~uIIS. (Sec Sec. 3.3.).

IC:llcLllat~d from che sc;'\ling r~I:llions given in A FSWP-503.

Accordin~ to AFSWP-50J, the lime to the minimum in r:ldi:lnl emisOilon is relJted to llie

yield by the e.>;pression tml n = 2.7W
I
/ 2, where tmin is in milliseconds Jnd W is in kilotons. EG&G

bhJnj;lIIetcr tin,es Jre relJted to the yield by the expression] tolin =3. 25W 1/2 (sallie units). It is
:.r.ppJrent on inspection OJ Fi~. 3.3 that the EG&G e.>;pression ould be a considerJuly better fit
for the dJt:l th:lI1 the AFSWP-503 expression. At this time, ho ever. there are the follo ..... in~

ar~L:ments for retaining the AFSWP-503 curve. The data used lo derive the AFSWP-50J re
brion for yield and time to the minimum ..... ere based upon NRL bolometer (black body receiver

..... ith good time resolution) data {rom Operations GREENHOUSE, TUIo.IBLER-SNAPPER, and
IVY. Preliminary bolometer data from Operation CASTLE have also confirmed the AFSWP

curve. When the spectral response of the instrument is limited, si~niCicanlly different times

to the minimum are obsen·ed.
I. The EG&G times to the minimum correspond to minimum emission in the visible, which

is the sensitive range for the bhang-meter. Although the difference bet ..... een bhangmeter times

to minimum and bolometer times to the minimum should not be regarded as delracting {rom

the value o{ the bha.ngmeter dala, it does introduce a difficulty in ~orrelating limes to the mini

mum obtJined ..... ilh instruments having different or tOlJ.! SpeClrJI responses. The effecl of

spectral response ..... as evident at CASTLE Shot 1, where EG&G found a progressive increase in
times to minimum with filtel-ed bhangmeters as the spectrJI response Jpproached the blue as
follu'~"s: 350 msec for red light, ~50 msec for yellow li~hl, Jnd 650 msec {or ulue light. Tlw
blJck body bolometer time to minimum obtained by NRL WJ.S earlier even lhan th:lt obtained

wilh the red filtered bhang-meter, bein~ 313 msec. It thus aflpeJrs"th:lt in stating times lO the

minimum thc instrum"nt used in its determinJ.tion IlIuSt also be specified.
2. The NRL tinlC to the minimum which WJS obtained sflectrographicJlly corresflonds to
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the nllnlmUIlI in black body tempuature, which, if the entire fireball is in the field of view of
the spectrograph, should correspond to the minimum in radiant intensity. Except for the times
to the minimum for Shots 3 and 5, where the spectrographs viewed only a few square inches of
the fireball surface, the NnL spectrographs saw a substantial proportion of the fireball. Thus

the presence of sJlots, which are discernible in fireball photogr Iphs, probably was not a sig
nific:lnt factor in the NRL results. Although a dead time of 2 to 3 msec is inherent in the NRL
spect rographs dUl? to zero time uncertaint]', the values observed, as sho\l,'!1 in T:lble 3.2, exceed

this deviation from AFSWP-503. This is not to be considered final due to the preliminary na

lure of the NRL analysis of the spectrographic records.

3. The NRDL times to th~ minimum were obtained with radiometers, which have insuf

ficient time resolution for the accuracy desired for study of weapons in the r:l1lge of yields

tested.

4. Since it h:.ls been indic:lt~d above that the spectral response o[ a sensing instrument h:ls

:In effecl on the time to the minimum, and since the AFCRC vacuum capacitor microphone is
encased in a gl:lsS envelope, which is tranSp:lrenl only in the \'isual range', it is not surprising

that the AFCRC times to minimum are dilferent from those which would obtain with a bolometer.

However, :lS with the bhangmeter, the microphone data are self-consistent, as may be seen in

Fig. 3.3.
According to AFSWP-503, the time to the second ma,ximum in radiant emission is related

to the yield by the expression tm:lX = 32W", where t nux is in milliseconds and W is in kiloton~.

The d:lla for times to the second ma..ximum are given In Table 3.2 and are plotted in fig. 3.4.
It i,; seen IhJl th~ AFCRC data SC:llltl" j'alldomly about th~ line representing the above expres

siun :lnd agl'ee within 10 per cenl of the accepted values. Although the NRDL times fall within

10 pel" cent of the expression for tmoLx. it should be noted th:lt the times all are greater than

aCCl'pted values, the expl:ln:ltion for which lies in the lack of time response in the radiometers.

A r~:lSun for the large scatter In the NRL data for times to the second n!v:imum is not apparent.

It is possible that in the more rully developed fireball which exists at the second-maximum, dis
c/'ep:lllcies ellter due to nonulliformily in shape of the source and to dep:l.rlure of the source [roll1
black body characteristics. Sillce [ewer' spectral data were reduced for times :lfter 100.msec,

due to the prelimin:lry nature of the NRL analysis, there :Ire uncertainties in the time of the
secund 11l:L\iIIlUm of tile order of ~25 msec. As will ue seen fronl Table 3.2, Some of the NRL

cl:na del'iJle from the AF"SWP-503 curve by more lh:ln :::25 msec.

3.3.5 Eneq~yVs Time

NHDL data on the accul1lulJtcd per cellt of total thermal energy delivered as a function of
lime al'e plotted in Figs. 3.5 and 3.6 for ShOIS 4 :tI1d 9 and 10 and 11, respectively. The curves

in these [i~ures are u,;eful in correlJting the phenomena involved in the precursor. Althuul;h

,the Jccumulated energy 1'5 time data have not been plotted for the other shots o[ this operation,

satisfactory plots may be reconstructed throu~h use of the 'generalized pulse in AfSWP-503.

3.3.6 Elleq~y Normal to the Ground

In tlte study of precursor effects, the component of radiant energy normal to the ground is
of inter~sl. In Fig. 3.1 the data for the normal component o[ thermal energy are plotted for

Shots 9, 10, alld 11 of this operation, for the [our shots of BUSTER, and lor the first four shots

of TUMBLER-SNAPPER. Using the curves in. Fig. J.7, curves of shock arrival time vs distance
(such as Figs. 2.24, 2.25, and 2.41), and the curves of per cent thermal energy delivered VB time

in Fig-s. 3.5 and 3.6, the energy norma! to the ground prior to shock arrival may be calcu:ated.

3.3.7 ThermJl LJyer

In a recent paper on the effects of irradiated surfaces on the gener:ltion of a precursor,

Sauel· l has Jnalyzed air temperature, sound velocity, and "thermal data from TUMBLER-SNAP

PER. Whereas pre\-iously it had been thought that popcorning was the principal mechanism for

transfer of heal to the air. SJuer's analysis indicates that tlte operation of conventional cOllvec-
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re 0 p ululy 10',\' yield, approxim:ltely 0.2 KT, J.Jld there is considera-

ble current interesl in the capabilities of weapons in this yield range. The thel'mal yield lor an
air-burst weapon of 0.2 KT yield extrapolated from curves hased upon data obtainet! in the range

10 to 30 KT (AFSWP- 503) should be about 0.097 KT

and the time to the second maxin m alou

3.4

tive processes will probably satisfactorily explain transfer from the heated ground of most of
the required energy into the air. Sauer also studied the case of the very high sound velocities
over surfaces of fir boughs observed by l"EL under Project 8.12a. Re<:ent laboratory results

from joint studies by NRDL and the California Forest and Range Experiment Station (CFRES)

had indic?ted that gases initially evolved on intense irradiation of organic surfaces may COIl

tain elementary hydrogen. Since the observed NEL sound velocities were considerably higher
than could be accounted for by any reason.lble flame temperature and since the velocity of

sound in hydrogen is four times that in air, S:luer h:J.s proposed a combination of convective

heat transfer, flaming, and dilution with hydrogen g:ls as a qlUlitative explanAtion of the fir
bough data

.."

J(esults of the o:lsic tllel'll1:11 me:lsure:c:enls of ti::1e 10 the second nl:J..:"i/IIUlll Jnd therl1l:ll

yields Jr.: In good a~reelll.:nl with thuse c:(!c~IJted Ironl the currently usec1 SC:llin b relalions in

:"fSWP-503. Times 10 minil11Ulll in tlte ther:::aI pulse \I'ere later th:lll those predict.:d oy

AfSWP-50J. It \I':lS concluded that this was cue to lh~ lil11iled and different spectr:J.1 I'esponse

of th.: inSII'umenlS usec1, thus inc1icating Ih:J.t "~'l1en the lillie lu the minimum is quoted lhe in

Slrunlent 1l1USl be specified.

B:lsec1 upon results of the therm:l1 111e:J.s~relllent£ from this opel'ation and Irom prior tests

in Nevada. there is no further requir~nlent for basic thermal meJsuremenls 01 weapons in the

yield ran:::e 10 to 100 KT detonaled in the air al lower :J.ltitudes. for air bursts of this type,
presently available thermal SCJling relatior.£ :J.re sufficiently :J.ccurate for thermal e!fects

studies with ground targets, under the ideal conditior.s pre\':J.illng al the NPG, prOVided the

targets are located over suitably stabilized areas.

further l:lboratory and field studies of thermal byers est:J.blislied over various types 01

surfaces (both org:lI1ic and inorganic) are 01 interesl. Such studies are under way in the laoo-
f Sand:lt l" L. :lnc1 . lield :J.t TEAPO
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3.5 RECOMMENDATIONS

As a st ep towa rd re lat i ng the p ropagat ion of radiant ene rgy t hrouf:h real at mosphe re s, it

is recommended that all the thermal data accumulated by the various agencies from tests in

Nevada be correlated and analyzed.

In order to extend or modify, as required, the present scaling rel:!tions for thermal phe
nomen:! in the yield range below I KT, it is recommended that means be found to disassociate
the' mass associ:lted with the detonation of devices ....'ith yieldS in this r;'ln[;e to the extent that
the masses approach those contemplated for the stockpile weapons.
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CHAPTE,q 4

NUCLEAR RADIATION MEASUREMENTS

4.1 INTTLAL GAM1'.lA EXPOSURE

lnjli:ll g:lmm:l- r:ldi:ltion expo:;ure vs di:;l:lnce dJ::l were collected by the use of N:ltion:ll

Bure:lu of Sl:tlld:lrds (NBS) type film c1o:;imt'tt'rs. OJ!:l were ol.H:lined for :\11 shOIS in the lesl

series excepl fOI" ShOl'; 4 and 11.

Figu,'es 4.1104.4 presenl the tOlJI gJn1:11:l-r:ldiJtion exposure d:llJ in terms of roenlgens

times dislance squ:ll'ed vs ciislJnce. All dJtJ given I':JI'e been norlll31ized to 3n :lir density or

1.0 x 10-] g/cm l . The lilm emulsions enlployed were CJlibrJted ~JinSl Cobo:! Sources in Ihe

field and were recalibr:lled Jj;;JinSI the la-Mev Naval Ordn:lnce LJ.bor:llory betatron. The dJI:l

presenled :lre blsed on the l:llter c:ltibration,

The d:!la for Shot 10. lC'5t of the-Ievice presenled in Fib' 4,4. were
:lrbilr:lrily correCled lor:l SUb:'itJnli~~nlhe film cnll~lsions, The effecl or

neutrons on glmm:l film do:;irneter emulsions vs neulron enerbi' is ueinb eV:lluJled :II lhl'

Broo:.J11l'en N:llionll LJoO;,:llory (B:-.'L) ulICC'r the dirt'c:io~ or Dr, Fred Olsen, COl11plelion of

this S:l.:dy should pro\'ide correCllon r:lClOrS [or lhe ne'~'.ron cerecl which, in I:ener:ll, ""ill be

sihnir:CJnl for lhin -skinned dc,'ices :llld hi~h- Jililudc CelOnJI ions :IS well JS (or I:un- :tsseluu!y
de,·iccs.

YIeld d:ll:l. together lI'ilh (:IClOrS dcscribjn~ the I;JI'lIm:l e,~posure dislJnce d:lll Jt dislJ.J1Ce,

Jre Sur.lnl:lrizcd in T:lble 4,1 for purposes or compJrison.

The e-fold disl:lnce), Jnd the inlercerl Jnd the zero intercept of the 01r-;j,oIJtcd-fl01
V.9

o plOI con\'t!nienlli' sUnlnl:lrize the dJI:l. V:lriJtiOris in the v:llucs of), and of rocntl:ens pel"

kiloton yield :It 2000 yd are a meJSure of the influence of the nJlure of the nuclear device tesled

and of the conditions of delOn:llion on Jnlm:l exposure v:; dislJr.ce.
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ten·a!. The data show variation in the low energy part of the ::ipectrum with Jetector head
orientation resulting from some absorption of soft gamma radiation by the detector mounting.

Fi[;lJre 4.6 shows the air dose rate contribution per unit energy interval corresponding to
the spectrum o( Fig, 4.5. The relative contribution of soft gamma radiation (below 100 key) is

quite small for the radiation fields measured. The data show increased contribution of higher

energy co'mponents at the later times of measurement; however, since the locations were not
identical, it is not clear whether the difference reflects a cha.nge in radiation quality with time
or with position,

The results obtained in this study do not necessarily invalidate the results and conclusions

of Operation JANGLE Project 2.4c, Report WT-348, which indicated substantial soft gamma

contribution, since the n:lture a.nd distribution of contamination as well as the relative position

ing of the measurement points may be quite dissimilar.

Before one can reli:lbly assess,the adequacy of present designs of gamma-radiation de

tection devices, much more information is required on the gamm:l spectra for residual con

tamination fields, Instruments which can be employed in fields of hi~her intensity.are required.
Future measurements of the field spectra should b~ augmented with fallout sanlple collection
and :l.nalysis so that the spectral data can be evaluated in terms of the n3tul'e and distribution

of the contamin3nl. It is also sugg~sted that consideration be given to mcJsurement of the

spectra in Shielded positions and shelters where the radiation is predominantl,' highly scattered

and thus predominantly of lu ..... er eneq;y tha.n is cfficiently record~d uy most g:lmma radilC de
\'ic es,

In addition to the need for better information on the I;amma cllcq::y distribution, nlorc must
lJe knowlI of the relativc uiOI0k:ical cffectivene::is of gamma rays vs elleq;l', DOlh arc necessary
for the depend3ule evaluation of the adequacy of gamma detection devices.

4.3 NEUTRON fLUX

Data are presented for thermal and fast nC\:ltron flu.'C vs distance for ShOlS 8, 9, aJ1d 10. Thc
dJt:J. were outlined using gold and tant:llum detectors for thernl31 neutrons and sulfur threshold
dctectors for fast (3 -Mev thrcshold) neutrOns.

For thermal ncutrons thc tiIllc-intcb'rated flu.'C timcs the range is plottcd af::JinSI rar.l::c in

figs. ~.7 to .1.9. For f:lst neutrons th~ time-intcgrated flu." lirllcs the squJre of the ranl::c is

[1lotted :q;JiIlSl r:lnlic in FiI;. 4.10. Such plotS yicld slrlighl lines on semilog p3[1er Jnd reprcsent

the neut rOil flux datl at rJnj;es beyond auout 500 I'd (or thc yields involved..

The data 3re sumn13rized in Table 4.3 tOj;elher ·...·ith rJdiochemiol yiclds and zcro inter-
cept per kiloton \'llues (or other dedces f f comO:l .
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CHAPTER 5

EFFECTS ON STRUCTURES

5.1 Il'."TRODUCTION

It is the int~IH of this chapter to discuss generally the effects of atomic bla:;ts on struc
tures :lnd install::Jtions, ..... ith reference primarily to the results of Shots 9 and 10. Included
herein arc clements or objects IC:itt!d for LI)~ purpose o{ determining dat::J which can be applied
to the prediction of structural e{{ects. These structural e[{ects are related to the effects On
equipment and objects of various kinds. Many o{ the general comments m:lde in this chapter

also :lpply to military targC'ls.
Summaries o{ projects pertinent to the effects on structures, material, and equipment ap

pe:lr in Appendi:< B, Section B.3.

5.2- EXPERIMENT DESIGN

'The experiments described in this chJptcr can be divided into t\l'O (;roups: one in which Ihe
prim:Jry objective was to det~l"ll1ine loadinf; or force:; on objects o{ a particular size and shape,

and :lnother in ..... hich th~ primary objectil'e ....·JS to determine the response o{ :l partlculJr kind
o{ structurJI element or complete :itructure. HO\l'evcr, many of the tests desi(;ned for deter

min:ltion o{ loading permilled observations of structural response, and conversely. If both the
loadinf; and the' response are measured, lhen there is a possibility of extendin(; the test obser

I'alions to structures or elements o{ di{{ercnt form and desi(;Jl.

In{ormation concerning both loading and respoJlse o{ structures may be available from

source:i other than atomic field le:;ts. The applicability of data ob13ined {rom such sources can
be verified by field tests,

5.2. j Loading Tests

Although data on loading are available {rom shock tube and wind tunnel tests, field tesls

are required for the purpose o{ considering the e{{ect of variables which c::Jnnot be readily re

produced in laboratory tests. In this prograro, measurements were attempted on rectangular

and cylindrical objects in sevel'al different positions and at dif{erent pre:;sure levels; on bridges
and elements of brid:jes; on aboveground structures wilh and without earth cover; on roof and
..... all panels; and on beams covered ..... ilh various depths o{ earth. In some of these tests the
IUJ.din[; W:lS det£'rmil\:lble onlr {rom pressure-ga[;e readings on various {aces o{ the objects
lesled; in other inst:lnces loading could be inferred {rom measured reactions or from structural

responSes. The lests of wall and roo! panels, in particular, were designed to furnish In[orma

tiun on the change ill loading as a function of thl' panel re:;ponse, primarily in the range where
break-up or {ailure o{ the panel occurred during the loading phase.
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5.2.2 Response Tests

Observations were m3.de of strucl1Jral response for roof and wall panels, for shelters and
sheller components, for buildings of various design and type of construction, and for window
glazing.

Structur3.! response to dynamic loading is in general a function not only of the loading but
also of the resistance parameters of the structure. If the loading is not available from theo
retical studies or laboratory experiments, it must be determined by measurements of pres
sures or net forces if a correlation between prediction and observation is to be achieved. The
loadin~, in magnitude and duration, and the resistance of the structure or structural element
are the most important variables affecting the structural response. Some structures arc sim
ple enough that Uleir dynamic resistance can be computed or can be measured by means of
laboratory tests. However, many other structures are so complicated that information is not
available from laborato/'Y tests or theoretical studies to permit thl.: assessment of their dy
n:llllic resistance. For these structures, some tests must of neceSSity be made with the pur
pose of deterrrdning the performance of a particular structure subjected to a particular set of
phenonlena resulting from the detonation of a given bomb. Such tests hal'e limited applicabilitj'
unless a theoret'ical expl:lnation of the response is developed.

5.3 CO/\'IMEt\TS ON I1\TERPRETATION OF RESUL 1'S

5.3. j Drag, Diffraction, :lnd Precursor Phenomena

In general, the loading on a structure is a function of its outline :lnd the size of its individ
ual elements, as ..... ell as of the general conditions of terrain and the variables pertaininj; to the
height of burst Jnd yield of the weapon. The latter factors determine the intensitj' of the blast
WJV", and its duration. These are Jffected by the terrain and particularly by the thermal influ
ences resultinj; from the thermal radi3.tion interacting with the terrain. These influence both
(he overpressure, p, and Ule dynamic pressure, q, which determines the so-called drab: pres
surl' resultinl,; from the particle motion of Ihe Jir. A more generJI lreatment of blast parJ.m
eters is included in ChJ.ptcr 2.

The size' :tnd m:ll-;eup of the structure influence the lo:tdin[; transmitted [0 it by makinb: the

structure in"some cases particularly susceptible 10 rhe 10Jding {rom diffrJction or in otlier
cases to the dr:tg of the dynamic pressures.

All structures :tre subjectcd to influences from both phenomena, diffrJ.ction and drJ!::. Ho ..... 
ever, the time it takes for the diffraction ph:tse of the loadin[: [Q cle:tr is dependent on tilC sile

of tilC structure or the structural elements. Therefore, a slructure which is I"elalil'ely very
nJrrOW in the dimension parallel to the bl:tst front or m:tde up of parts which are nJrro ..... :tnd
thin is in general a!fected primarily by drag. It is c3.1led a drJg-type structure.

On the other hand, a structure which is moderate or luge in size and has ..... alls that do not
fJil quickly is affected primarily by the diffrJction forces which Jre considerauly I;reater in
mJgnitude Ulan the drJg forces. II is nOI al\l.a}"S possible to differentiate clearly between these
two types; some structures are of inter-mediate size ....·here both diffraction and drag ue of
nearly equal importance. Again, a structure which mJy be diffraction-type structure in the
early stages of loading may become J drJg-type structure in the later stage:; if it has a cover
ing that fails Jfter transmitting some force to the frJme. In addition, some structures may be
affected primarily by the difference of external and internal pressure or by overall crushing
from the external pressure.

Most of rhe structures in Shots 9 and 10 were clearly of one type or the other, rather than
a mixture of both types. In [:eneral, the bridges, forest stands, telephone poles, towers, other
thin, tall objects, and probably the vehicles of various types were primarily drag-type taq;ets.
The wall panels in the various structures in this program were pr.imarily diffraction-type
structures. The j;eometric shapes of Projects 3.1 and 3.3 wei-e in gener:ll mixed-type struc

tu res.
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The importance of this distinction of structur:ll type lies primarily In the difference be-
t ..... een thc effects of Shots 9 and iO in their overpressure and dynamic-pressure phenomena.

Considerable attention is devoted to blast phenomena in Chapter 2. Shot g, a relatively high

burst (2400 ft), essentially' represented the ideal case, with no pronounced surface or thermai

effects on blast. In the Mach region for ground ranges greater than about 2500 ft, the dynamic

and static overpressures follol\'ed the conventi,onal Rankine-Hugoniot relationships at the shock

front. Consequently, when proper attention is paid to the blast-wave duration, which is a func

tiun of the detonatiun yield, damage tll both drag and diffraction taq;:ets could be described in

terms of either static or dynamic overpressure. In the regular reflection region for ground

r:ln[;es less than about 2500 ft on Shot g, simple geometric relationships sho ..... that dynamic

pressures were substantially less than would be obtained by applying the conventional analytl

c:ll rel:ltionships to calculate them from the static overpressures. Hence, in this region the

d:lm:lge to drag :lnd diffraction targets cannot be described in terms of a single blast param

eter but must be rel:lted to the dynamic and static overpressures, respectively. Clearly, in the

,regular reflection region, Shot 9 ..... ould be less dam:lg-ing to drag-type targets than would an

equ:ll-yield 101\' burst over an ideal surface at locations having the, same peak overpressures.

Shot 10 I\'as a rel:ltively 101\' burst with pronounced surface and thermal effects on the blast

wave. These blast-wavc perturbati~n effects, characteristic of a precursor region at the

Neyad3. Pruyinl:: Gruunds, had the effect of reducinl:: the st:ltic overpressures below those antici

pat~d in the ideal case. It ..... as cle3.r th:lt lhe effeclive dyn:lmic pressures ..... ere at least eqUJ!

lel llr great'cr than lhll~e lo be expecled in the ideal case, and the effects of dust loading were

not isolated. Consequently, in tht? precursor region (also the Mach reflection region for all 10

calions of interest) on Shot 10 the elfeclive dynamic overpressures were SUbSlJntially ~reater

lh:ln would h:lve been calcul:lti:d from the measured stJtic overpressures by the application of

cO/ll'cl1lion:l1 analytic:l1 relationships. Henct?,on Shot 10 in the precursor region the elfects on

(Ir:l~-tYlJe targcts could not be described in tcrms of the measured peak stalic overpressures.

The effects of Shots 9 and 10 on drag-type t:lrgels Jt Slatic overpressure levels encountered

ill the' precursur rC'gion of Shot 10 cannot b" comp:lred on the bJsis of peJk st:llic overpressure

lJllt must bte' cpmpared 011 the lJ:lsis of effectil'e d)'n:lmic pressures. Consequently, in spite of

the. facl lhat Shut 10 W:lS considcnbly lower in yield lh:ln Shot 9, :It ground ranbcs less than

alJuut 2500 ft Shol 10 W:IS m:lrkcdly nlore danlaf::'ing to dra[;:-typc' targets. This resull on

c!c:\rly be ascribed 10 the effects of M:lch reflection and the precursor rebion of Shot 10, even

t"lJu~11 till' dust dfvets Ull Shul 10 '.'Cr(: 1101 isol:llVd.

5,3.2 Limitin~ Conditions

,\IL::Jsurcnl~nls uf st ruclural rt:'sponse in a field test give, at most, only specific results for

the p:lt'licular olJject tested and for the puticular loading conditions applied to il. These dJ.la

:He ~enerJlly m:lximum lrJ.nsient deflection determined from appropriate instrumentation, max

imum perrn:.lnent ddlection, or lype of damJge. fronl these dJta, inferences can be dra ....'n J.S

to the clJl1dilions that would produce J g-iven degree of motion or dJ.m:lge. However, such infer

ence~ Cln be dra'.\'n ollly ill tlllJse CJses where measurernenl~ are available or where eSlinutcs

can be made of both the loading Jnd the structural-resislance pJr:lmeters. Where such infor

m:llion is not :l1'Jilaule, inferences as to limiling conditions for fJilure can still be drawn if re

sullS on a number of items, ranging from slight damJge to failure, are aVJ.ilJ.ble. for e:ample,

if OlJji:C15 such as I'chicles Jre overturned up tv svme distance Jnd then from this poinl on re

main essentially unJffected by the blast, a fJirly good eSlim:lte of the limiting condition for

oyerlurninp: of the objecls can be m:lde. It should lJe emphasized that these limiting conditions

of prl'SSUrl' or distance Jre the most imporlJnt dat:l which can lJe deterlllined from structural

response teslS.

'Unfurtunately. tile. limiting condition for failure or for a given de{;:ree of damage is not al

..... ays easily inferred from field-test dJtJ.. For structures which arc loaded into the plJstic

r:lll[:e Jnd [or loadill~s wllich last for even :I moderate len~th of time comp:lred witll the funda

menD.1 period of the struclure or structural element, deflections of struclures or struclur3.1

elemenl" Jre very sensitive to: minor variations in the mJgnituc.Je of the peak loadin{;:, the
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yield-point resistance level, the duration of the entire loading, and particularly the time of
rise from the beginning of loading to the peak loading. In some cases, as the rise time of the
force on the structure increases, the response first decreases and then increases.

The situation is entirely different for high-explosive bombs. For such bombs, which pro
duce a relatively short positive phase of pressure, the structure is subjected to essentially an
impulsive loading, and the deflection is clearly determinable and reliable as a measure of the
inlluence of the loading. However, where the loading is of relatively long duration, as is the
case for most of the structures in the UPSHOT-KNOTHOLE program, wide variations ill de
flection are produced by minor variations in overpr~ssure or dynamic-pressure level. Conse
quently, very good and consistent data can generally be obtained concerning the overpressure
level or dynJ.mic-pressure level which might produce failure, even though it may be impossible

to predict the amount of deflection which might be produced under given conditions. The pres
sure level required for a given degree of damage or failure is the preferable measure of the
results of the test because it is less sensitive than the degre<: of response. III addition, it is a
more realistic v:l1ue lor extrapolation to other cases, including other structural types, other
sizes of bombs, and especially large-yield weapons in the thermonuclear rJ.n[:"e.

As an indication of the way in which the various parameters affect the response, the case
of an object such as the Bailey brid~e, which can move relatively freely e.xcept for the resist
ance offered by iriction, may be considered. For such a structure, the amount of motion is
rou[:"hly proportional to tne product of the following two quantities: the squue of the difference
between the peak dynamic Iorce and the slidin[:" resistance, and the square of the effect'ive dura
tioll of the dynamic .pressure. If the peak dynamic force is smaller than the sliding resistance,
the sU'ucture does not move al all. However, when it is only slightly greater than the slidin~

resistance, even a very small chan[:"e in the peak dynamic force can cause a tremendous change
in the motion. A similar condition applies to other structural types, althou~h the relations are
somewhat more complicated. These facts are a good al'l;umenl against attemptin(; to reline
predictions of response to a great degree from the measured input data in a field test, inasmuch
as these input data can never be accurately known.

Although there is a dif£erence in the positive-phase durations (both for static overpressure
and dynamic pressure) between Shots 9 and 10 because of the difference in yield, correspondin[;
durations are of tlie same gener?! order of mJ~nitude. Therefore the limitin[:" conditions in
fer.red from these shots can (;ellerally be compared in terms of measured slatic overpressure

or dynamic pressure for dif£raction or for dr:lf;-type t:lr~ets respeclively, o ....·inl; (0 the small
influence tllal the duration h:ls on the limltin!i pressure for fJ.ilure in either case. If the dura
tions h:J.d been significantly different, comparisons in these terms would nol have been valid for
the draf!-type structures.

5.4 RESULTS

5.4.1 General Description of Damage

Summaries of the individual projects are given in Appendix B, Section B.3, and in the in
dividu:lI project reporls. The purpose of this section is to give a brief qualitative description
of the d?mage observed in Shots 9 and to for those structures which, because of intent or
otherWise, were subjected to major deformations from the blast.

The cubicl~-s of Project 3.1 and the cylinders of Project 3.3 were designed primarily to
obtain loadinb iruormation and except for One concrete block suffered no major deformation.
The trusses of Project 3.4 were also desi(;ned primarily to study loading", but In Shot 9 the truss
bl"idge deformed sli[:"hlly due primarily to slip of the cable clamps in the bracin(;. In Shot 10,
the upper part of the truss-bridge section failed completely and fell to the [:"round, even though
the callie-clamp detail was strengthened. This failure was at a lower overpressure but prob
ably at a higher dynamic pressure than in Shot 9.

In Shot 9 the wall panels of ProjeCI 3.5 failed, except for some· of the brick panels.
The railroad equipment of Project 3.6 was tested only·on Shot·lO. WooJcn boxcars, empty

or loaded, were severely dam:J.ged within 3000 fl. This damage ....·as more severe than expected
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and IndicOl.tes, wllh olher phenomeru, a gTeOl.ter dyni..m.lc pressure in tbe precursor regioll than
was expec ted.

The structures of Project 3.7, which were Intended W turnlsb a study of entrance Wnes
and ventilation devices, were undamaged by Shot 9 but were destroyed In Shot 10 where the .
pressures were conslderOl.bly gTeater than had been intended.

The burled structure of Project 3.8 ind.1cOl.ted, for moderate denecUons, that UtUe 11 ~y
effecllve attenuaUon was experienced In lhe pressures transm1rted to a burled struchJre
through an earth cover. This conclusion, of course, Is Um1ted to a deplh of earth cover about
equal to lhe 8-ft span of lhe structure. Very Ullie permanent deformaUon of the elements In
the structure was experienced.

In the field forlUlcalJons of Project 3.9, fa.Jlure began In the cover-supporUng timbers at
moderate overpressures, but no failures occurred in revelmenLB except close In to lhe bt::uJt.

In the llght-steel-frame structures of Project 3.11, cUmage WaB oblalned only In Shot 9.
There ..... as an Indication lhat only minor damage occurred at a I-psi level In the unrelnJorced
building; consJderable damage even In lhe relnJorced bulldJng occurred :It an overpressure
level of 2.2 psI. In the brick wall bulldJng protecled by prec:lst rIb panels on the sides and roof
(Project 3.12). there were Indications of distress In the wall panels from Shot 9 and bre:l.kage
of about 30 per cenl of the wood jolsLB In lhe roof of the sl.nJchJre from the load tr:l.nsmJtted
from lhe deflection of the concrete roof covering.

In lhe precast g:r.ble structures of Project 3.13, only slight cracks and pr:lctlcally no struc
tural damage was noted eIther In Shot 9 at about 10.7 psi with earth cover, or In Shot JO with
the earth cover removed.

The precast warehouse of Project 3.14 was not tested In Its completed condition In Shot 9,
but the frame alone suffered no damage. In Shot 10, the roof panel fallure was fairly complete
at an overpressure of about 2.0 psI.

The Armco steel magazine of Project 3.15, under earlh cover, showed no slgnHlcant dam
age In either shot except for :l.n entr~ce-door frame f:l.Jlure In Shot 9.

.The glazln!: and wlndo ....· construcUon of Project 3.16 showed fallure In general Ol.t different
pressures for the dJfferent types of glazing but Indlc;l.led lhat In most cases pressure levels
greater than 2 psi would break most glass panels.

The forest stand of Project 3.19 showed little attenuation of the stAtic pressure or of lhe
drag pressure, but considerable missile hazard due to flying branches was experIenced.

The communications sysle-m of Project 3.20 showed lillIe d..1mage In Shot 9 but consfder
able damage in Shot 10, Indicative of the greater dynamic pressures In lhat shot. A number of
poles were broken In Shot 10 up to a Ilmll for dynamIc pressure correspondJng to l1.bout 5-psl
overpressure.

The vehicles of Project 3,?.1 showed a range In ·results IndlcaUng displacements of the or
der of 6 ft for overpressures of approx:lmately 8.6 psi In Shot 9 bul considerably greater ef
fects in Shot 10, with vehicles hurled great dislances through the air and frequently,broken In
to pieces.

The Bailey bridge 01 Project 3.22 slid about -I ft on the steel channel sllls at an overpres
sure of 8 psi In Shot \) and was moved over 17 ft off the piers and wrecked In Shot 10.

The LVT's of Project 3.24 showed very light damage In Shot 9, In general requiring gre;l,ter
than 22 psi for failure In that shot. These received st:vere damage In Shot 10.

5.4.2 Discussion

Because of the greater dynamic pressure for a given overpressure In Shot 10 compared
with Shol 9, spectacular damage occurred at overpressures In Shot 10 at which ]jltle or no dam
age occurred In Shot 9. Military equipment was broken up and strewn over the landscape In
Shot 10, ..... here:r.s In Shot 9 It \I.'as only overturned and In some cases not moved at all. Similarly,
the close-In Instrument towers on the blast line, undamaged by Shot 9, were thrown down or
badly damaged by Shol 10. SlIppage of the Crosby clamps used nn the guide cables may have
contrIbuted to the failure of these towers, but there Is evidence that the clamp detail was only
slightly weaker than the other connections and the cables themselves. Clearly the effects of
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Shots 9 and 10 should not be compared or judged on the basis of equ:lI static overpressure for

targets in the precursor region o[ Shot 10 or in the regular reflection region of Shot 9.

In gener:ll, the effect of Sllot 10 was greater than Shot 9 only for drag-type structures.

Consequently, it is cleJr that the dynJ.mic pressure must be the [:lctor with which comllJrisolis

are to be made for d:lmage to dr:lg-type structures, wllere:ls the st:ltic overpressure is the

criterion for diffr:lction-tYlle structures. However, dyn:lmic pressures were not me:J.sured:l1

each 10c:J.tion. Consequently, in this chapter :J.nd in Appendix B, Section B.3, references :lfe

often made to v:llues of st:ltic overpressure as a me:J.sure of dyn:lmic pressure, with the undt.:r

standing that the dynamic-pressure v:llues are :lpllroximately equ:ll to the ideal valu~s for the

reported magnitudes of static ovel'preSSuJ'e.

Simple :J.nalytic:11 considerations indicate that the effects on diffraction-type t:lq;ets in tlie

precursor region ch:lracterislic of Shot 10 might be less than for correspondin~oyerpressun:s

in Shot 9, because of the slow rise time of the st:J.tic overpressure in the precursor region.

Howel'l'r, tllere W:1S insurficient experimental evidence to justify all)' conclusion of the rel:uivt.:

effe'('ts of Shots 9 and 10 on diffraction-t)'pe taq;ets at corresponding overpressures,

The effects of dyn:J.mic 10:J.din.: :lnd of l'iLJrations :Ire important in LJlast resist:.\Il::e. Ddails

of connections require speci:J.l consideration in order to resist blast luadin~.

Earth cover has at least a bonus v:llue in reducin[; radiation :J.nd missile hazard. However,

{or underground structures beneath a plane ground surface, it :J.ppe:lrs that unll'Ss llie deflec

lions arc l:lrge there is lillIe effective :lLlenu:J.tion offered LJy e:1rtli co\'er of less depth th:ln the

shorr SpJI1. Under such conditions, the e:lrth acts as In ac1c1iliol1:t1 nl:lSS Jilt! may redul:l' the rc'

sponse of the structure [0 very short duration, or impulsive, IOJding. For Ion\; durJlion IO:J. d::; ,

the e[[ect of the earth mass is ne!c:li~ible.

For :J.boveground shelters covered with e:J.rth, the influ('nce of the e:J.rth is: (1) to ch:J.n~e

the loadin~ by chanljing the outline of the structure; and (2) to :lc1d OI:lSS 10 the structure, wllil:h

mJy incre:lse greJtly its l'esistancl' to shorl-c1ur:lliun 10:1ds. For Illn~-dur:llion 10:IOS, hu ..... (:\·l·r,

the increase in strength is ne~lil:;iLJle.

5.,1.3 Gener:J.1 Commenls

In atomic field tests, whether for the purpose of determinin[.: 10:J.dinlj or response, C:l rcful

planning of tll(' test pro~rJm is requil"(~d. Withoul sufficient :lc1\':1ncl' kl1owit:'d~e of the 1I:lturl' uf

the response of the structure and the r:1ramelers ~overnin~ ils respunse, it m:lY LJe impussilJlc

to pl:lCe' tile' structure in :l re~ion wllere the mJf:nitud(: uf the dcflecti<'JrIs or dcform;lliol15 will

be signific:lI1L. [\'en in the situJtion whllre only 10Jdin~ pllenorllena :lre to be studied, unless

some prediction as to thc m:l:;nitudes of tile quantities to be measul'ed :lre :J.\':lil:lble nu :l,;su/'

:lIICl' is pOSSible that the instrument readings ..... ill be l:lr~e enougl1 to pro\'icte useful !"L'sIJlts, Iw

CJuse of the necessity for sellin~ tile r:ln~es of the il1strumenls c:lrefull}'.

Because of the 111:J.n.\' Ill:lJor uncerlainli('s :lrfectin~ luadin~ and respol1se, it is desi r~lJll' Iv

rn:lke such pr.:limin:1ry oLJS£'l'I'aliuns :lS :lre required to ddennine the pruperties of till' oLJjl'CI

subjectL'd to tl.:st :1nd to insure tllc' proper interpret:ltiol1 of the [('st record.=;. furtherlllurc:, re

dundJncy in the me:lsurements should be provided in order th:1t re:lsonabl(' resullsc:ln be o\)

tained with the normally expected number of failures in the recording chJnnels.

In general, th(' most successful lest prObTJm is one in .....hich loJding J.nc1 respollse :lrL'

studied at thl: same time in such J \\':ly that some estim:J.tc of the 10:lding can :J.Iso lJe inferred

from Ihe response. In Lests of this sort, the 1':J.rious interrelJtionships :1mong the d:lt:1 pl'rl1lit

irtformatiCln to be obtained el'en ul1c1er unfJvor:J.ble conditions.

Fin:llly, in no c:J.se should the success or (ailure of a project. hinge on the successful com

pletion of l':lch of a Llrge number of sep:1rate readings. Und~r such circumslances thl.: bilure

of only one channel may in\·alid:J.te the who:e tesL.

Cue should be used in Jpplyin~ the results of thes(' t('sts, in lerms of specific v:1lues uf

OV(!rpI'eSsure or d}'namic prl:ssure required to produce damJb;e 10 various targelS, to conditiuns

in\'ol\'in[: we:lfions of I;r(,:1tl)" different yields or suLJst:1nti:J.lly differl'nt hei~hls of burst.
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CHAPTER 6

EFFECTS ON AIRCRAFT STRUCTURES

G.! INTRODUCTION

Accur:lt)' uf UOIIIU delivery is ordill:lril}' :l function of tile closeness of a~~ro:lch of the de

livery :lircr:lfl. III the C:lse of :ltoll',ic-bomb delivery, the nearness of arpro:lch of the bomber

tll till' t:lr~el is sl'verely linlited by the effecls of the bomu burst upon the delivery aircrJ.1t

StruClure. Thus tile effectiveness of the atoillic bomb in w:lrl:lre is critic:llly dependent upon

<!c('ur';Jlt' knowledge of the re:lction of the delivery aircraft structure to the bomu's e((ects :lnd

UI)UrI :lbilily to predict lhe nl:l~lliIUc1e of the effecLS. Resolution of these f:lctors n:lturJlly le:lds

10 irll~rOI't'd design criteri:l for future de!il'ery aircr:lft. In:lddition. from the stand~oint of

Iwth offensive :lnc1 defensive oper:ltions, the effects on :lircr:lft on the ground musl be under

stood.

G,l.l I3ack~roulld

. Exlellsive illstrumented tests of :lircr:lIt structures in fli~h( were first :lttem~ted :It Oper:l

11011 GnEENHOUSE, :lltllOU:;h Oil prel'lous leSls lillilled qualitJtive d:lta hJd been collected. The

I'l'sults of GREE1\'HOUSE prOI'idec1 considerJble d:lt:l which were used in the dl'velopment of

~l.!lll'r:lIIZed :lnalylIC:l1 ilI"Ocedul'es for prediction of effects on :lircraft in fli~hl. However, in

SlrUrlll'rll:HIOn failurl's :Jlld limitation in scope left cerl:lill IPps ill effects informatiun for which

fur'tller leSIS lJ.'ere rC'quired, ~ikewis(', e:o..'ensive tests on parked aircraft were conducted on

0pc'r:!lIun TUI\18LEI1-SNAPPEI1, The results of these tests indic:lted further experinlCntJl

wOl'k '.1;:\::; requir.:d In protection problems fo~ parkec1 aircraft.

(j.I.~ Scupe

Durin~ UPSHOT- KNOTHOLE further allempts were made lo delel'mine experimentJlly the

effects of Jtoillic w.c:lpons upon I'arious :lircrJ{t structures in flight :lnd on the ground. Three

c1iffer':r1l t>lH!S of JircrJ[t (NaI'Y AD. Air Forc~ 13-50, and 8-36), thorou~hly instrumented to

me:lsure IOJc1ing: :lnd response ......el·e flown at various distances from both low·er and :lir-burst

deton:!! ions. Fighter and bomber type aircraft were exposed on the ground. In addition, various

cOlllponl'nts Jnd idc:lIized structures ·...'ere e.'I:~osed on·the,ground, some In specially conslructed

1Iiounts designed to separate the blast and thermal magnitude or the loads imposed by lhese two

effects sel-':lratel)' :l.Jld simullaneousl)',

G.~ THEI1MAL EFFECTS

or the many effects observed durin~ 'the tests, the most spectacular were the thermJI ef

fect::; which in one case led to tht: loss of a drone aircraft in flight, apparently through weakening
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of the structure by heatlng. From this and other flight tests of this series, It appeus well es
tablished that in predicting thermal flLU at a position in space, ground reflected ra.dlation as
well as direct radiation must be considered. This is of greatest importance lor bursts occurring
relatively near to the ground and/or over ground surfaces with a high reflection coefficient.

It ,also appears well established that a while heat-resistant paint is by far the best surface
finish presently available lor the reduction of thermal effects on alrcra.ft structures. The use
of such reflective surface llnlsh probably would have prevented loss of the above-mentioned
drone, and It follows that reflecllve surface finishes would be a.dvanta.geous for dell very air
cralt in so far as minlmiz..ation of thermal effects is concerned,

It is noted that of two dlIferent types of while paint tested, one charred alter an Input of
about 25 calories, thereafter becoming a good absorber lor remaining thermal radlatlon,
whereas the other, a silicone base heat-resistant paint, remained while a.t higher temperatures
and thus afforded much greater protection at higher thermal inputs,

It Is evident that in any study of eHects on structures where both thermal and blast effects
are appreciable, the modification to the structure resulting from the thermal input's may in
fluence the effects resulting from the blast inputs. From lhe ground experiments of Project 8.1,
sufficient data were obtained to make possible a reas9J1ably complete study of the blast and
lhermal coupling effects and of thermoelastic effects on certain types of alrcralt structures.

Considerable data were collected concerning thermal effects on various structural com
ponents including bOJC beams; tension ties; bonded metal waHle, hat, a.nd honeycomb specimens;
B-36 stabilizer assemblies; T-28 stabilizer assemblies; lJ.bric control surface covering; and
alrcralt undercarriage components. Some noteworthy lindings were that bonded metal waffle
panels are less vulnerable to permanent skin buckling than bonded metal hat pa.nels for tem·
peratures less than 350°F, that the threshold of permanent skin buckllng for bonded metal flxed
edge hat panels is as little as about 50'F of temperature rise, :l.I1d that the failure of the adhe
sive b'ond of bonded metal honeycomb core panels occurs at temperatures as low as 300°F. II
-was lound that foil covered labric can withstand thermal inpu"Ts twice lhat of white pal:nted fab
rics before critical damage Is encountered.

An interesting, though unexplained, phenomenon was observed from the Project 5,1 (light
tests. MetallC\:raphic examination or skin specimens Indicated microscopically localized :l.reas
of high temperatures far in excess of measured or predicted temperatures. Due to the localized
character or the thermal damage, it is not considered significant In alfecting structural stre~h.
Similar damage did not occur in equivalent specimens exposed on the ground.

The ground and air thermal data verify theoretical procedures for prediction of aerody
namic cooling of heated surfaces as presented in relerence 14 or the Project 5.1 report. How
ever, eXAct thermal properties of the surface concerned must be knO\I.-rl in order to obtain
quantitative correlation.

Thermal and overpressure damage to parked alrcralt was considerably reduced by the use
of cloth thermal shields. Strong tie downs also were eUective in reducing tolal damage to
lighter aircralt parked nose toward the blaBt for overpressure levels below that where dis
integration of the aircraft takes place. Dam'4:e to parked aircralt In the precursor region is
considerably higher for a given overpressure level than It Is In the region where a clean shock
is formed. Unprotected modern aircralt probably \IIould not survive In lhe precursor region at
overpressures above 10 psi.

Some conclusions concerning thermal instrumentation are of Interest. Thermal meas
urements by means of temperature sensitive papers adhered to surfaces generally gave poor
accuracy and frequent failures. Thermocouple mea~urements were relldble. The lack of a
high temperature strain gage limited the value of the test. Glass panels gave excellent per
formance as blast shields for test specimens.

6.3 BLAST EFFECTS

Study of the blast input and loading data leads to a generalized conclusion that center of
gravity acceleration and structural stress can nO\ll be empirically predicted (or the types of
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aircraft tested 'Nith re;,.sonable accuracy, but turtber modlllca.tlon of 10ad1D.g theory will be
required to produce satisfactory correla.tlon of theory with experiment. Time of shocK IU"rlnl
and magnitude of overpressure CiJl be predicted with acceptable accuracy for a given yield ll.I1d
aircralt position. However, acceleration predictlon based 00 dha.rp edged g1Jst a~IYBIB appears
to provide agreement with a. sustained acceler;,.tlon which develops alter about 10 msec. Peak
structure stresses occur time wise with short duration peu acceleration at about 5 IDsec for
smaller aircralt components (AD wings, B-50 tall) ll.I1d with the lIuBtalned acceleration alter
10 msec for larger components (B-50 and B-36 wings ll.I1d fuselage).

Certain specific conclusions were reached concerning tht: alrcralt tested. AD type Illrcralt
are not adversely affected by overpretisures up to 2 psi In conjunction with thermal exposure
up to 25 cal/cm l . The critical structure in the B-50 type aircralt is the horizontal sl.abllizer
which liDlils the aircralt to g1Jst louis not greater thll.I1 those lnduced In a change in angle of
relative wind of 6.2 deg at aIrspeeds of 190 to 200 mph. The mosJ critical component for B-36
aircraft for tail-on gust loading 15 either the horizontal talloI: lIJter luselage.

Jt was noted that accelerations of the nose and tAil of alrcralt ue slgnlfic:l.Illly dlf(erent
from center of gravity acceleration; thus acceleration from a shock 10adLng a..s read by a pilot
at the nose of the aircraft Is generally not of structura.l lIlg'nlfic:l.Ilce.

An important consideration for luge delivery alrcra.1t was noted In the B-36 when wing
stresses for a second shock wave exceeded those of the [Irst shock. This was;,. result of the
reflected shOck arriving at t..he alrcralt In resonance with the vibrations produced by the first
shock. The possibility of such ll.I1 occurrence should be considered In t..he a.nalysls of delivery
problems.

6.4 CONCLUSIONS

The data collected In these tests will afford satisfactory confirmation or correction of
analytical prediction methods for aircraft types similar to those flight tested (B-36, B-50, AD)
and will indicate desirable modifications to existlnt aircralt [or Improvement of atomic de
livery capabilities. The data will be of continuing signUicance In application to generalized
analytical prediction methods and in the establlshment of desl~ criteria lor future milltary
airc rall.
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CHAPTER 7

THERMAL EFFECTS

7.1 GENERAL

The lWO most important effects of thermal radialion on ground tar[;elS are injury (burns)

to personnel and the initiation of fires in the target area. Since many important thermal effects
are noticed beyond the /'ange of severe blast or nuclear effects, the study of thermal effects
has played an important part in past military tests with nuclear weapons. Several modest ther

mal projects are currently under way at government laboratories. The program of thermal

effects at UPSHOT-KNOTHOLE was concc:ived primarily to satisfy requirements for field

checks of labOl'alory test results.

7.2 FIRE EFFC:CTS

The problem of predictin~ th'e capability of nuclear weapons to set fires wilhin urban areas

is complex" The sel'eral important f;,\ctors involved in an;'\lyzin[; a tar~et for fire include pre

diction of (I) the' incidence' of f:indlinf; fuel ignitions, (2) the proiJJbility lhat such i~nitions \\'ill

iniliate fire in more mJssi\'e combustibles (i.e., buildin~s), (3) the probability that b:"0ing fires

will mer~~ into a confbgrJtlon, and (4) the effects of lIleteorolo~ical conditions on each of the
foregoin~. Two group,s fr0l11 the Foresl Sen'ice conducted field checks of kindlin[; fuel i[;nilion
ener[;les with a number of different fuels, lhe results of which established the validity of a
lar[;er qu;'\nlity of laboratory data on i~nition energies. Many fuels commonly encountered in
urban areas, such as newspJper, dried Ijrass, and tufted cotton, were shown to sustain ignition

through the sho~k wave at thermal energies as small as 2.5 to 4 cal/cm 1
, Althouljh the ignition

energies will be greater for higher yield weapons, nevertheless the ranges for such iljnilions

are quite significant. Based upon the U PSHOT- KNOTHOLE resulls and upon past work and
future planned studies, the development of methods for predicting the incidence of kindlinlj fuel

ignitions in urban-target areas appears to be possible without further field test work in Nevada.

Some limited checks of ignition energies for kindlin[; fuels may be required for large yield

detonations. Since kindling fuel ignitions, once established in a tarl:.:et area, may be simulated
without employing a nuclear detonation, studies of fire- build-up to conflal:.:ration size are more
economically conducted in the laboratory or at non-nuclear field tests.

7.3 THERMAL BURNS BENEATH FAGRICS

Two groups conducted projects for the study of the P,.otcclio~ afforded aljainst thermal
burns by fabrics. The most si:;nificant del'elopment which came out of these field studies was

to focus attention on a number of parameters to be considered in the desiljn of military uni

forms: With the al'ailability now in sel'eral labo/'alOries of equipment for duplicatinl:' the shape
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of the radiant pulse from the bomb, studies with fabrics may be pursued for some time before
further field t.:sts become necess:lry.

7.3.1 Clothed Pigs

In the field tests involving' pigs clothed with :l limited number of uniform cOl1lbin:ltions, the

results indic:lted th:lt a four-layer temperate uniform offered protection up to 83 cal/cm l
,- Fire

resist:lnt tl"eatment of the outer layers of uniform assemblies was shown to offer superior pro
tect ion, especially at lower radiant energy lel'els. Based upon the field and laboratory test re

5ulls, it is concluded that attention should be devoted to studies of spJ,cinl; and fit of uniforms,

the mechanisms of heat transfer through fabrics to the underlying skin, and to the effects of

tht-' shock W:lVe in extinguishing glGW or in removing glowin~ outer byers.

7.3.2 Fabric D:lmage and Mecha.nisms of Heat Tr:lnsfer Throu~h Fabrics

A IJrge variely of fJbrics, blcked with wood with pJper therlllometei'::; attJched, WJ,S stud·'
iL'CI. Although the ranking of fJbric pl'olection was found to be the same as that with the assem

blies tested with the pi~s, the use of bJckings other than skin or a pl'oven skin simulant to rank
f:Jbrics is thou~ht not [0 yield vJ,lid results. With this cautionary note in mind concerning the
experimentJI technique. combinations of service and develormenlal uniforms, shoes, body
JrmorS, fooL 1\"(:':\1' , g-as wJrf:\r(:' items, ponchos. Jnd Jluminized burics .....ere rankl'd as to pro

tection afforded a~Jinst thermal burns. In addition, fJ,ctors of reflectance, spJ,cing (fit), flaming,
:\nd Jre:\ of e:xposed sJll1ple ..... ere studied. Considering the instrumentation used (pJper ther
nlonleterS on wood backing) for the stUdies, a firm conclusion can be made only for the area of

exposure effect. In this case it is concluded that the Hea of exposure required for assuring

:.liJscilce of side E'ffects is of the order of 1 to 2 in. in diJmeter, being closer to the lalter for

(;\I)I'ICS spaced fronl skin Or for multiple-layer combinatioils.

1.3.3 Skill Silllul:lll{

A requirerneilt fOl' J skin simuiJnl fo; use in evaluJting thermJI prOlective qUJlilics of

f:tI)I'ICS h:I'; exiSI,'c1 for some twO Yl':.lI·S. Witll the del'clopmeilt of J suitJble slnlu!Jill, It was

('II~' isioncd tll:\l J purely physiC:.l1 lest lechnique could replace the less economical technique:

r.::qui rink: USL' of :llIilll;)ls for cI'aluJ,t ion or uniforms .

.-\1 the time of UPSHOT-KNOTHOLE:, It WJS thou~ht thJl J polyethylene block impregnated

".-illl ~rapllile Jl lhe sur!Jce of which w:\s imbedded J, thermocouple showed considerJble prom

IS<:. TrJces of 1t:lIl1lt~rJtul'e I'S urlle of lile irradiJted block were to be mJtched agJinst standard

IJiJor:ltol')' traces calibrJled a~:lill:i[ pi~s. Althou{;h in the beginninli it WJS recognized that the

therm:ll conSl:tnt,; of polyeltlylenC' did nOI mJtch very closely lhose of skin, it was felt thJ,t the

ddlC'lenciC's were ilOI si~nifiLaC\l. HOII'el'er, further recent laboralory calibrations of poly

C'thylene: against pi~ experiments hJve sho'.m the depJ,rtures of the thermal COilstants lor the

Slillul:\nl lo be Si~llificJlll. Consequenl1r. lurlher developmentJI work in skin simulants is being

conducted by NML. one of which sinlulants shows considerable promise.

The time-temperJlUre hiStories with iJbrics o... er polyethylene were only in lair agreement
witll those OblJined In the lauOrJlory. II is concluded that the area of exposure should be greater
for fJ,brics spaced from the bJckin~ and for multiple-layer combinations.

7,4 PROTECTIVE SMOKE

There is interest in providing a means for protection of I roops in the open J.{;"ainst thermal
burns. After consirlerilli,: severJI possibilities a radiation-sCJtlerinb while oil-fog smoke was
selected as offer in:; the greatest promise lor the purpose. The test of smoke at UPSHOT

KNOTIIOLE 1,':lS dc,iq;ned both (0 demonstrate the CJpability of smoke and also lo provide con

fil'mJtory d:\t:I for extension to the field of theoretical and laboratory studies and of field tests

with simulated sources. Due to unfavorable surface winds immediately prior to Silot 9, the
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smoke experiment was canceled. lnplace o{ the ex-periment planned {or Shot 9, :I. drastically
curtailed smoke test was incCirporated into Shot 10. Based upon results {rom a single Instru
mented station, it was estimated that the smoke screen, as established, atlenuated the thermal
radiation by 85 to 90 per cent over that observed in the open .. A test or white smoke similar
to that pbnned ror Shot 9 is planned {or TEAPOT.
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CHAPTER 8

BIOMEDICAL EFFECTS

8,1 ATOMIC CLOUD HAZAI1DS

D:Il:l w~rc olJt:lined to define and eValU:lle the hJ.Z:lrds olle mig-hI encounler in flying through

thc cloud resuililll; frol11 all atomic detonation. Doserales of from 10.6 to 2.1 r/sec were en

counlcl'cd in the cluud:; 2.7 to 5.2 min :lfter c!elonalior•. Applied to a practical situ:ltion the data

slww lh:lt per:;onnel in :l pre:;surized aircrall, flying:lt -l00 knots or more, which passes through

I ill' cluud of :In :J(oI11ic lJOllllJ of 30 KT yield or less J.nd J.t tinles ~reater than 4 nJin alter deto

n:ltion. will reccil'': :In inleb:ratcd eXlc/'nal radiation dosc of less than 50 r. A radiation dosc of

thi:; 11l:1~nitude is thought to lJe an acceptable hazard in time of war inasmuch as it will not pro

dUl'C any imnledi:lle marked adverse physiolo~ical e[(ect on the crew, and it is debatable if any

cfll'n:; of such a dOSe' could l.Je deteCIL'd in I1UI\. Howl'l'cr, this dose is ill the marginal region

:l1J<.lI·l' which :;0111e ptlysio!ogical efiects are to be expected. Combining- d:lta from the UPSHOT

KNOTHOLE c",pC'rinlcllts wi til lho:;e from' GREENHOUSE, an empiriC:ll expres,sion for average

dusc l':lle as a iunuion o[ tillle of pasS:lge throul:h the cloud hJ.s lJeen deduced. For the time

inlC"n':l! of 2.7 10 25 min :tIter deton:ltion, the dala may be represented by 0 = 1.31 X 101 x t-1.0I,

where D I:; the al'erak:e dose rale in roentgens per hour and I is minutes alter dctonation. AI

thClu!!:h l) :lppears to be independent of yield. thl!re is a [:tctor o[ 2 in the scattez' of d:lta on cach

Sldl' o[ tili:; cnlJJlric:lI l!xprc"sioll,
ThC' intern:tl I':tdiatlon do:;e resulting from inh:tl:ltion of fission products by the crew during

airCr:l[1 pJ.ssa~e thl'oub:h an atDrl1ic cloud is insignifiont both in absolute magnitudc and when

COlllparect with the e"'l(:rnal radiJtion dose. This fact appears to be established so well that

further field tests on this aspect of the hazard in the cloud would seem to be entirely U11neces

sarr frolll tile pOint of view of lIIilitary requirements. Since the internal hazard is insignificant

th~rC' appears to be no reason for expenditures of money and time in the design and develop

nlent of fillers or other equipment for protection against an essentially nonexistent hazard.

At I i flies 101lf'cr tilan 4 nlin after deton:llion, the temperature and turbulence in the cloud

from a 30 KT bomb do not :lppear to be sufficiently high to be an appreciable hazard to either

the crew or tile aircl·afl.. Since it takes about 4 min for the cloud of a 30 KT weallon to reach

30,000 [t when detonation occurS at or near sea Icvel, any aircraft flying above 30,000 ft would

not intercept the cloud of a 30 KT we:tilon until after these hazards had diminished to tolerable

Iel'els,

8.2 BETA HAZARD

Prior to the UPSHOT-KNOTHOLE experience the possibility of a bet:l skin hazard in area.s
corlCanlln:ttE:d br fallout relllained unresolved. In:tbilily to perfect feasible beta dosimetric

equipment for use in the field, because of I'arious theoretical and design considerations, forced
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radiological salety control policies to depend solely on gamma dose measurements in con

taminated fields. The possibility that the beta hazard was at a nearly critical level under the

criteria set for gamma dose hazard control rem:lined untested. The UPSHOT-h:NOTHOLE ex

periment demonstrated quite conclusively that in desert areas contaminated by fallout beta

and soft gamma rays present no un:1.cceptable skin hazard to the normally clothed Illan in the

{ield unless there is an excessive gamma hazard. Thus it was concluded that present dOSimet

ric techniques are adequate {rom tlie point of view of radiological safety. This conclusion is

I'alid {or distJ.Ilces of 1 Col or more above the contaminated I::round. rf a mall lies 011 the con

taminated ground, it may be that some small areas of the skin would receive high radiation

doses fl'om small highly corltaminJ.ted spots. Since no measurement of distribution o{ the con

tamin:ltion on the ground W:lS made, it remains to be estJ.blished whether the above type of ex

posur~ presents an unusual hazard. [n :lddition the results do not pertain to the (;:lse of dirc:c[

skin contJ.ct with contaminated objects remol'ed from the contaminated field. nor to the pos

sible ueta haZJrd to the skin which might prevail if J.n individual were in the fallout arca at

the tillle of fallout and whose skill J.nd clothing were cont:lmin:ltcd by the falluul llJ:lterial.

The pOSSibility J.lso rel1l:linS that fallout over cCrl:lin types of dean hard surfaces, such as

ship decks and cleJ.n' streets or Sidewalks, might demonstr:ue:l ~rea[C'r beta and SOfl gallllll:l

hazard relative to meJ.sured gamma hJZ:lrd thJn found in the desen, bec:Juse the mixinf:" of

the discrete r:J.dioactiv~ (:dIOut particl~s ...·ith the loose cf~sert soil ""JS fc:lt (0 pl:ly all inl

porlall( rolC' in reducill;;; thl' bel:l LO 1;:l1l10l:l dose r:Hio:; to thl' lel'els fuulId in UPSHOT-KNOT

HOLE.
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The biological dJ.la from foxhole experimeills with mice suggesled thaI al the bOltom of

slandard -12 -in. foxholes the attenuation of neutron biological effect ..... as three ti mes the surface

dOSE:, but further correction for the effect of the protective I~ad hemispheres used sUGgest cd

that the attenuation probably was sigllificantl)' greater lhan J. This COlllpJre:; wilh:J foxhole

attenuatioll r:lClOr or 8 to 20 previously llIea~ured for l:::llllnl:lS at foxhole uollom~ and is con

sonant with flhysical theory, which predicls lhat neutrons in air should hJve a Greater auility

10 ~r.:;,ller 111;'1\ :;hould ;;I~nirkalllly hJrcJ gJIlllll:IS. Ikncl' in fo.'tholc:;lleUlI~~ \

to UE: the domin:1 all dlsl:lnces of biol0l::iC:l1 intercst_y/J/\ ..
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8.4 PRIMA.RY BLAST INJURY

Results of studies on primary blast Injury were inconclusive. Unfortunately, zero-point

errors and technical shortcomings of experimental equipment prevented successful bracketing

of graded responses to blast injury by the animal species exposed. Furthermore, few con
clusions could be drawn from the experiment about the mechanisms of primary blast injury.
It was su~gested by the presence of typical lun~ injury in rats exposed to nearly idealized shock
W:lves of Shot 9 and the absence of any blast injury in both !'ats and do~s exposed to even higher

peak overpressures in the region of slow rise times and precursor phenomenology on Shot 10
that abrupt static pressure rise time may be an importJ.nt criterion of direct blast injury. It
was unfortunJ.te that the theoretical possibility of the formation of si~nificant reflected pres

sure spikes of high intensity and a few milliseconds duration within the animJ.I exposure cyl
inders on Shot 9 could not be verified or denied because of the low time resolution of the blJ.st
gages exposed' with animals ..... ithin the cylinders. Thus the possibility th:lt the exposed

animals eXlJerienced higher overpressures on Shot 9 than on Shot 10 rem:rins, preventing full
confidence in even the tent:ltive conclusion preViously drawn about rise-time significance.

The inability to protect animals, exposed in the regions where primary blast injury might

be ell.llected, from vastly supralethal radiation doses, even in the face of experimentally de-
s igned shielding, suggests that in terms of the effects radii of other damJ.ging nuclear phe

nomena primJ.ry blast injury may not be of import:lnt military consequence.

8.5 FLASH BLINDNESS

Men looked at the initial flash of an J.tomic bomb with the dJ.rk-adapted eye for the period

of the blink reflex through red filters which screened out most of the visible and infrared radiJ.
tion except that between 600 and 900 mil. A total of 55 exposures was made on (ive shots at

distances ranging from 7 to 14 miles. In all instances except one the men received no retinal
burns from these exposures, and the vision recovery time for reJ.ding red-lighted aircralt in

strulllents after th~ eXlJosures averag~d alJout 20 sec. This vision recovery tillle is about 30
per cent less than that which would have been required hJ.d exposure been made without filters.

Thus th~ filters offer considerable protection against retinal burns under the conditions of thes~

experiments and reduced appreci:lbly the tinle required to read J.ircr:lft instruments under

sl:J.ndard conditions of illumination J.t night. This type of filter is considered useful for wear as
protection for the vision of aircl"J.ft crew members in those situJ.lions where it mJ.y be antici

p:lted th::tt an alOmic flash might be viewed :J.t night :ll dislJ.nce:; of a few miles.
In d:lrk-::':i:lpt~d rabbits, .unprot~cted by filters, expo:;ed 10 the flash of an atomic bomb,

lJurns of the retinJ. were obtained at distances from 2 to 42.5 miles. This does not mean th:J.t

the retina of a man would necessarily be burned by the'flash at these distances. However, reti
nal burns have sometimes occurred in mJ.n o~ unprotected exposure to the flash at 10 miles or

less, and retinal burn:; at greater distances are considered to be entirely possible. If retinal

burns occur at greater distances, the burned area would undoubtedly be small in keeping with
the sm:J.ll size of the image of the fireball and likely of limited consequence in so far as im
p:lirnlent of vision is concerned, except in the rare ins{J.nce where the burn might occur on the
mJ.cula or area of central photopic vision.

One source of reasonab.j good data 0:1 this problem would seem to be the :lccidental visual

eX"!Josures to the flash which ta.ke place occasion:llly on nearly every series of atomic-bomb
tests. This source of information has so far been incompletely developed, but it is fell to be

entirely feasible to establish a procedure for eXJ.mination :lnd recordinK of each case of ac
cid~nlal hum:J.11 exposure to the flash so that eventu:llly J. reasonable series of cases could be

J.ccuIllulaccd from which some valuJ.ble conclusion might be drawn.
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CIiA PTER 9

TECHNICAL PHOTOGRAPHY

9.1 D.-\CKG ROUND

Techniol photo~r;q)hy pro\'ided ont.' of the most g"ener:llly useful tools in tile Military Ef

feCI:; Tl'SI Program. In general, Prof:ram 9 .provided serl'ices to the lechnic:l1 projects in ac

c.ordanc~ Wilh their st:ltec1 needs, Two types of photographic services were rend.:>red:

I. Technical documentary phOlogr;,q)h~.. : including before-and-aftcr stdl and nlotion picture

shot S, recording construct ion progress, and static test effeCIS.

2. Zero time technic:J.1 motion picture photography; rlefined as a film exposed in the vicinity

of 7.('1'0 t ime, usin~ cameras inst:lllec1 in (he test area and controlled by the sequence timing"

signals utilized to initiate Ihe over-all leSt program.

Mot ion picture pholor,:r:lphy for historical anc1 c10cllmentary purposes W:lS peffor,nled by
tilt' L\IUkuut 1-fuUllt:111I L:luur:ilury, USA F, anc1 wa:; lIot a lJarl of tile tl'cllnical probr:HI1,

9.:! PIIOTOGIL\PflY PLAN

The l('chnlc:i1 c10CulIll'lIlar'y phot0l:r:lphy W:lS perforillcd from timc to timc throughuut lhe

dur:ltion of the tt.'st SCrll'", includinb: the construction period, in :lccord:lnce with the requl:sts

of thc intl'l'c:;tcd pl'oject officcrs. Over 10.000 ft of motion plcturc film and to,OOO still nega

t:\'~,;wcre exposed. A tOI:l1 of 85,060 prints from the still nej;:ltivcs was nlac1e fOI" the I.lrojccts.

All proc<.!:;sin~ of tlll'se flilllS WJS done al lhe tcst site.

BIJSl Jnd rocket tr:lil tcchnical motion picture photography was performed on Shots I, 4,
9. la, and 11. In addition, a variely of motion picture C:lmeras wcre utilized for photor;raphin[;

thl' bl?st :lnd therm:ll crf('clS all test l:lrgcts for Shots 9 :J.nd 10. Thesc cameras ranGen in

operatillf:' speed from two rrJmes per minute to 2500 frames per second. The mJjority of the

cameras were slnlple Gun-Sir;ht-Aiming Point (GSAPJ units, utilizinj; a production aircraft gun

Sight caillera operJ.tin~ at a !·:J.te of appro:<imJ.tely 6~ frames per second. Cameras were

1lI0unted 011 speCial LOwers, ran~ing in height frOIll 5 to 17 ft. A detailed photo plan WJ.S prepared

followinl: consultation with the intercstec1 project officers. This plan includec1 a total of 193 mo

tion picture cameras for Shot 9 anc1 94 motion picture cameras for Shot 10. One hundred camera

towers were used on Shot 9 alld 50 canlera towers were used on Shot 10. The principal footage

utilized black and white film, althou~h 011 some thermal experiments color film was used. The

dctailed photography plan will be found in :he Project 9,1 Report WT-779.

9.3 STABILIZATION

On pl"e\'ious lest series the quality of the technical Illotion picture photography was seri

ously reduced due to obscuration by dust. Even without the thermal output of an atomic weapon,
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the blast WJVe would pick up sufficient dust from the ground surface to degr:lde the photography

:llmost illlmediJtedly upon shock Jrri\'JI. Intense thermal radiation h:ls been shown to induce

J dU5t IJyer by a process sometimes described as "popcorning" (see FIg. 2.42). This thermJI

dU5t sOllletimes causes photographic recording difficulty durin~ the thermJI phase prior ta
shock :l1·I"jV:.! and provides J very good dust sOUI"ce for the lJIJsl wave when it does :lrrive. In
[he pJst sonIc inexpensive stabilizJ.tion using various t:ll' and :lsphJ.lt compounds has lJeen used
ill an allempt to minimize the dust problen1. Unfortunately, these materials smoked lJadly upon
thermal irradi:\tioll and the photographic results were not completely satisfactory.

Priol' to this test series, various stabilizing techniques were tested on a l:lboratory scale
to find a suitable 'material to reduce the thermal popcorning and at the same time to st:lbillze

the [est 2rea. for this test series a low-grade sand cement 2 in. thick was :ldoplcd. At each

camera location the Frenchman Flat lake bed was stabilized with this soil-cement mixture for
dist:lnces ta the frant :lnd re:lr carrespanding ta the estimated positive Jnd negatil'l' phase

p:lrl;cle tr:ln5Jlart behind the shack front. The stabilization was designed to lllinimizc: the lher
11I:ll dust and ta rl'cluce the LJI:l.sl wave dust cturin~ the important pJrl of tI;e lJlasl wave traIlS

nJi::;sion p:lSl l'ach camerJ and lOW."!'.

9.-1 R.ESULTS

Almost withoul exception the motion picture cameras operated succbsfully. Very little

difficult)' W:lS cxperienced due to radiation fo~gin~. ar,d in !::eneral the difficult problem of ex'

pOSUI'(: W:l::; satisfactorily soll'ed. SalisfJctory films were obt:lined e."cqJI ill the slrong pre

cur50r region of Shot la, where lhe C:lmer:l lOwers were demolished upon shock arrival. These

same C:llllCra lowerS successfully survivec1 equil'alenl pressures from the more cOllvention:ll

bl.lSI w:Il'e of Shot 9. Examination of the technic:l1 nlotion picture films indicated s:ltisfactol"Y

perform3.nce.

TIle st:lbil izect surfaces were re3.sonably succe::;sful.

,\l3.ny successful photo~r:lphic recoI'ds were oblJlned throu~houl the lherm3.l :lnd bl:lst
pha::;es whel"e .similar efforts h3.d beC'n unsuccessful In the past. Some' excellClit bl:.1st WJve

phulogl"aphy \\':.1'; :l150 obtained, pal'liclll:lrly on Shut 11. On this shCJt the fJi:II~ ::;how tIl(: pre

cur.::iOr efrecl and hal'(: lJeell Jud~l.:d to be by far the Illu::;t s:ltisf:.1ctory photo!;raphic records of

1111'; phellolllC'llon obtained 10 d:ltl',
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CHAPTER 10

TESTS OF SERVICE EOUIPMENT AND TECHNIQUES.

10,1 RAOfAC EQUIPM2NT TESTS

A considerable effod was expended during UPSHOT- KNOTHOLE on the field testing of

radiac equiplllent; this included rate meters, both airborne and ground monitoring, and dosime

tel'::; of bOlh administrative and lactical desi~n,

For thc pa::;t two years developmcnt in the field of radiac survey meterS has been con-

cent ,':lled On desi~n of li.:hl-wcit:ht units with a ran:,:e of 0 to 5001', Two developmental modcls,

lh~ AN 'POR·J2 and the IM-71:PD, dcsil;:ned to mcct servicc size, weight, and range require

mcnts, wcre field tested dUI-in~ UPSHOT-I-.'NOTHOLE, Stringent field tests revealed certain

mceh:lnical en~ineering design dcfE'cts on both instruments such as poorly dcsigned bell clips

and conlrol knobs and cascs insufficiently rugged (0 wilhStand ha.rd field usage. Defe'cts of this

tYIlL' c:ln b~ e:lsily rectified with good preproduction enginccrinl:':, In addition, certain opera

lion:ll problems existed with e:lch in::;trumcnl which appcar to be inhercnt in the basic design,

For eX:llllplc, the AN P0f1-32 i;:lve unrcllablc readinb:s at rates abovc 300 r/hr due to sporadic

dfeels, :lnci the 11\1-71 11';1::; unrcliJblc due 10 annoying calibration drift and the difficulty of re

SCllin[-: II III :1 high r:ldl:llion fiell.!, The pl'oject I,'ecollllllendalions should be effectcd prior to

the ;IPIlnl\':i1 of eitlll'r t'quipillerll for sen'lce usc,

Of III,' nunll'rous dU::;llllclel's e\':lillaled durilll; UPSHOT-KNOTHOLE, it W:lS determined

lil:ll 1\1'0 t:lclic:,i1 dosimeters, the OT-ti5 Polaroid fillll and the trpe E-1 chemical tactical do

sinlClel', 111(',1 service rCCluirCIllt:nts within their des ibn limitations, No further developmcnt on

thc,;e 111'0 types is w:lrrJnlc'd with the exccption of minor mechanical changes and possible con

tinued illljJl'O\'Clllent of shl'lf life, Also, the E-l will have to havc modification of the step values

10 IIlCCt lI,ilit:lr)' ch:tracteristics as well as a redesigning of the case for betler closure and

dust proofinl:':. The DT- 50 administrativc dosimeter, prcviously tested at aUSTEn, provcd re

liable, However, thc Admiral electronic reader designed to read the DT-50 dosimcters proved

unreli:llJlc- :lnd \l'ill rcC]uire :ldclitionJI desi~n and de\'elopment work, The IM-91, a direct read

inJ.; 0 to 500 I' [Jctie:ll type qU:lrlz fiber dosimeter, was found to be suitable except for ,a slight

rJte dcpcndence and air se:llin~ problem. If lhese two problems can bc corrected in accordance

wllh project recommendations, it ..... ill rcadily meet service requircments for a tactical dosime

leI',

II \\,;]5 determined th:lt standard radiation rate mcters, carried in light aircr:l1t, can bc

utilized in 1I1:lkinf: rapid aCl'i:l1 surveys of contaminatcd gl'ound areas, Extrapolation of air

re;lcllll~S 10 tlie- ground introduC'es Illan)' errors :tnd necessit:lles numerous assumptions. How

cvcr, :Ipp,'oximate but possibly tactically acceptablc plots can bC,accomplished quickly and

::;11111'1)", Con!JJ!lc:lled self-recordlnl; radlJc equipment installed i,n heaVIer type aircraft and

tc::;ted dUI'in~ UPSHOT-KNOTHOLE did not illlpl'ove the accuracy of aerial survcys enough to

warrant considc'r:lllOIl as lactical equipment. Simple step measuring devices such as droppable
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flares or flashing lig-hts designed to indicate ground radiation intensity levels and patterns

appear to be practical for certain tactical situations. However, the devices of this type which

were tested during UPSHOT-KNOTHOLE were not reliable :t11d will require considerable de

velopment and en~ineering- before being subjected to additional field tests.

10.2 TESTS AND DEVELOPMENT OF OPERATIONAL TECHNlQUES

Durin/; UPSHOT-KNOTHOLE the Ai: Force continued the evaluation of equiplllent :J.nd

techniques whicll would best meet the requirements o( theil' Indirect Bomb Dalllag-e Asscssment

(IBDA) pro~ralll. Specifitally, this rcquircment is (or a syslem that ..... ill g-ivc a dC!lvl'ry air

cr:J.ft :J.n all- weather capabil ity for detcrmining gross errol'S in yield, Ground Zero, and height

of burst. This capability would eliminate the need for pOSlshot reconnaissantc.

An interim IBDA systelll was operationally ev::tlualed by Str:J.tc~ic Air COIIIIll;lnd (SAC)

cOlllb:J.l Cl'ews in fly-over aircraft. This techniC]ue utilizc'd;l cOlllbination of Q-2~ r:ld:lr, K

systelll'r;ld:lr, K-17C aerial cameras, and bhan~llIeters. Results indicate thal the K-17C canl

era is suitable Undel" visu:J.l conditions (d:ly or night) (or prol'idln~ :J.dequ:J.te pitlOri:lI ,"ecords

to el'aluate height of burst and Ground Zero. The Q- 24 :lnd K system radars, whcn opera led at

the critical settin~ adjustlllents established in SAC oper;lting protedures, ;lre suit;lble for de

lermininr;; Ground Zero and heibht of burst under all we:J.tllel' conditions for we:J.pons prcsently
in slocl-q.lile prol'ided (1) idenli(iJble radu returns exisl in tile tar~el area and (2) Ihc heibhl

of-burst yield combination r;;ives fairly sevel'e oveq.lressures on the ground in ordel" to g-en
('1":11(' a deleclalJle r:ldar return. The !jain, tilt, :lnd brilli:ulce setting:> of lhe I'adar arc quite

critic;ll indicaling til", need for c:ll"eful training :lnd indOCll"ination. The bhangllleter was found

to be satisf;lclO/"y fOI" delermination of yield under visUJI conditions. lIS reliability (or :111

we;llher determin:J.tion is not ret known. Studies ue in prOiiress utiliZing all :ll'ailable IODA

records to determine the feasibility :t11d accur:lcy of determining yield from radar scope lime

sequence records of the r;lte of ~rowth o( the shock ..... ave :J.nd/or fireball diamelC'f.

In the JBDA equi[1ment del'elo[1lllent ph~se, Wri!::hl Ail" Del'('lopment Center (V':ADC) ulilized
both new and nlodified r:J.d:lr equipment in an allenlfJt to obtain more del~iled rad:lr scope pIC

tures of the fireball anc cloud shJdo\lo' phenomena, The ullill1;lte ailll is to utilize :J. simplc

bombing r:Ldar sy~te/ll to nlCL't th" 113DA requirenlent. DevelojJnlental models of f:LsI and 510 .....

sc~n Ku-bJnd radu, the APS-4B and APS-4J. desi~ned to meet this requiremenl, ..... ere operated

in fly-ol'er aircraft. The APS-4B g;lI'C the advantal-:e o\'er the APS--lJ o( belter tinle resolution

o( fireb:l1l and cloud shadow phenomena, but detail was lost due 10 power and ;lntenna Ilmila

lions. In :lddition, :l stud)' of the ;lpplication of airborne 11101'111!:: t:lq;ct indlc:llOr equipment W:lS

conducted in a fly-ol'er aircraft, bUl high interference levels prevented obtaining useful resulls.

An attempt ..... as nl:lde to record the time difference bet ..... een the reception of the direcI and

ground reflected low frequencyelectroma~neticwave ~enerated by a nuclear dctonation, thereby

permitting calculation of height of burst from this recorded time inten'al. The elcctromagnetic

si~nals were much more complicated than :t11ticipated; as a result it was very difficult to dis

tinguish between direct :lnd reflected signals and resulted in height-of-burst eJ"rors 100 gross
to be of any signific:J.nt value to the height-of-burst delerl1lin:ltion problem. As :l resull of the

refraction experiments conducted at the NPG, it was concluded that the refr:lction of the radJr

be:lm, .....hich was in close proximity to the fireball cloud, was too small to be measured in the

presence of other large-scale effects, Based on these results it can be said that refraction is

negligible and can be ignored in IBDA data reduction procedures, Fireball return phenomena,

as recorded by the Navy developmental fast SC:ln X-band radar, did not reveal any p:lrticular

advantage to their type of equipment other than the :ldvantage \.If recording more scanS per unit

lime th:t11 had previously been pOSSible, Missile trackin:; o( the 2BO-mm projectile was nOl
successful with this radu due to high ground clutter.

The Army Field Forces' c:lpability for short r:lnge determination of position o( burst :t11d

yield was invcstii,(:lted ut ill'zin[; standard sound ranl:'ing ~quipll1cnt,a modified flash rangin!;

system, seismic measurements, and a bh:lngmetcr. Flash J":lnl::"inr: prol'ed (;lirly aCCur:lle for

lJursl [1osilionin~ under line of si~ht conditions. Sound rangin~ appc;lrs to be s:ltisf;lt:lory for

H5



."

location of Ground Zero for non-line of sight up to distances of 60,000 meters. Seismic tech
niques for determining heig-ht of burst by recording blast induced and thermal induced seismic

w:lves were inconclusive. The bhang-meter yields were accurate to 20 per cent out to distances

of 40 miles.
A conlinu:ttion of the studies of electromagnetic radiation associated with nuclear deton:l

lions was conducted by Sign:ll Corps Engineering Laboratories (SCEL) as a research experi

menl to identify and correlate these signals with type and yield of detonations. In the region of
o to 20 IllC. d:ll:l on polariz:llion, ampl itude, and time duration were recorded. The results ob

Llined sholl' a vJriety of pulse shapes with little indication of characteristic shape. Rough

measurements indic:lted no possibility of correlation in the frequency domain recorded; there

furl' dl'Llill'd frequC'ncy an:llysis was nut carried out. The results fail to shed any lig-ht on the

n:llllrc of tile basic phenoillenon .
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APPENDIX A

SHOT PARTICIPATION
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APPENDIX B

PROJECT SUMMARIES

8.1 PROGRAM 1 - BLAST Mm SHOCK MEASUREMENTS

Prot;ram Dir.:ctor: W. L. Cadson, CDR, USN

The broad objectives sel down for Pror;ram 1 were (I) to obtain d:lt:l for other·crfects

pro~rams defining the blasl phenomena resulting from Shots 9 and 10 and (2) to :.tdd :.tdditional

knowledge to blasl phenomenolor;y, p:1rticul:lrly in the region of the precursor. To accomplish

tile broad object il'e:>, agencies of Program I participated in a lotal of sevcn shots, placing

instruments on the ground surface, near the ground surface, in free air, and underground.

Instruments to me:lSure Ihc various blast parameters on 'Shots 9 and 10 wcre' plJe'cd as

indic:ucd in fir;. B.l. Less comprehensive instrumcntJtion line:>, Fir;. B.2, were installed for

Shots 1,3.4. 7, and II. In addition 10 the instrumcntation placements shown In Fibs.B.l

and B.2, photography WJS uscd as bl:lst instrument:ltion (both with :lnd without the usc of rocket

trails), :lnd parachute u()rne pressure-timc gal;es wcrc dcpluy~d in frec air.

Specific object ives for each project and the results obtained :He uutllned in the project

:>umnIJri~s.

8.1.1 Projccts 1.1 a and 1.2:
Agcncy:

Report Title:

Project Officer:

Air Olast Me:Jsurenlents

. N:I\'JI Ordnance Laboratory

Air Blast Measurements. \\'1'-710

W. E. "'lorl'is

The Naval Ordnance Laboratory (NOLl pal·ticipated in UPSHOT-KNOTHOLE (U-!') with

the objective of studyinr; shock wave bchavior in free air and alonl; the r;round under varied

test conditions. The ba.sis for this study was provided by a measurements program conducted

by the NOL wherein the smoke rocket photol;raphy technique was used to olllain pea.k shock

overpressures as a function of distance in (ree air; the Wiancko gage FM tape-recorder in

strumentation system. along with J newly developed mechanical gage. W:lS used for obtaining
pressure-time (p-t) histories on thr~e blast lines along, the ground; peak pressures along the

ground were measured by modified indenter gages; and direct shock photography was used

extensil'ely for the first lime to observe shock and dust contours along the ground.
A new pressure-distJ.I1ce curve for free air has been obtained, based on the composite re

sults uf TUMBLER Shots 1,2,3, and 4, IVY Shot King-, and UPSHOT-KNOTHOLE Shots 4, 9,
10, and II. This new curve, in terms of 1 KT (RC) at sea. level, now is considered to be the

sta~dard pressure-dist:lnce curve down to the 10 psi pressure level (ur air-dropped weapons

r:ul[;il1l; from I to 500 KT. A TNT efficiency of 45 per cent is assigned to the Jverage of all of

these shots. The reason for the departure of the free-air pressure-distance data for the tower
shot GREENHOUSE Easy from the previous and new composite curves still Isunexplain~d in
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terms of tower effect. U-K Shot I, which was also a tower shot, departed only insignificantly
from the composite curve. On the basis of the results obtained on the high altitude (6022 H)
shot of U-K 4, Sachs' scalinl; la\\'s for pressure and distance are considered to be valid up to

a hei~ht of bursl of at Ie:lst 10,000 ft above sea level.

The effects of a thermal [:lyer ne:lr the ground are readily apparent in the p-t measure
ments alonl; the blast line and in the records of the direct shock photography pr'1ject. On U-K

Shot 9, although no precursor was formed, the thermal intensity along the ground was sufficient
lO pruduce a noticeable dislortion of the wave form, resulting in lower peak pressures at the
ground than in the cooler air 10 ft above the ground. The shock photography gave evidences of
the' formalion of a thermal Mach shock in this thermally excited region. (This thermal Mach
forms well before the appearance of the true Mach shock.) The U-K Shot 9 blast parameters

. :lIang the gTound scale wilh lhose of TU1'.lBLEn Shot 1.

On U - K Shot 10, where considerab1r greater thermal energy was incident on the blast line

lh:ln Oil ShOl 9, a well-developed precursor wave WJ.S formed which radically chan~ed the p-t
histol'Y in this l'el;ion, In general, in this precursor region, the pressures were Lower, the
positi\'t: durJ.tions were longer, and the impulses were larger th:ln in the ideal nonthcrmal,
nonprecursor region at corresponding distances. On Shot 10. this ideal area was, for the most
pan, obtained :lIong the smoke line which had a dense black smoke overlay extending several

hunclreel fCe't irlto the :IiI'. The smoke effectively suved as a thermal shield to the ground be
la\\', thus minimizing Jnd elimlnaling thermal efferts along the ground.

The theory uf precursor forll1:1tion WJS reviewed and related to the results obtained, and

J theory of thermal MJcli form:ltion was proposed by projecl personnel.

B.1. 2 Project 1.la-l:

Agency:

Heport Tille:

Proj.:'cl Officer:

evaluation of Wiancko and Vibrotron Gages and Del'elopment or New

Circuitr\' for Atolllic Blast Measurements
Nal'al Ordnance L:lboratory

EVJluation of Wiancko and Vibrotron Gages :lI1d Development of New
Circuitry ror Atomic Blast Me:lsurements, WT-78-1
W. E. Morris

A prog'ralll to leSl experimental inslrument:ltion was undertaken by the NOL in an endeavor
lo illlprO\'c, eXI;;(ln:; lJlast plienonlena IlleaSul'inl; equipl1lent and techniques, Four experil1lental

dc::;ig'l1:i \\'<.:'1'.:' l<,:ill'd: (1) ;1 field unit oscillJtor-al11plirier using' transistor circuil elenlCl1ts, (2)

:1 ::;Ublllilli:llu:'L' (\\'O-\\'Ir<, field unit, (3) J cOl1lmerciJlly developed Vlbrotron [;:1[;C Jnd al11plifler

unit, al1d (-I) :1 frequcl1c-y ckvi:ltion multiplier circuit for obt:lininb: increJsed signal-to-noise
r:llios, ThL' uPl':':1lioll :i1su pro\'idec! tlie Oppul'lul1ity to CV:lIU:1lC 11l01"e f·.llly tlic performa1lce or

till' Wiancko ~:lg'L'.

Il ..... :lS found [hat ll':1nsistor circlIitry is liltle, if at all, affected by atomic blasl phenomena

and hold::; much fJrol1lise for further de\'elopmenL. The subminiature l\lo'o-wire system was suc
cessful and offers many advant:lJ5es in economy al1d J.daptability in field use over the present

NOL system. The deviation multiplier scheme was completely successful; how.:!ver, its conl

ple,xit]' must lJe w('iglied :It::'ainsl the freedom from noise required on any particular operation.

The Vib"olron g-::q:;e and oscillator was unstable, nOl rU[;l;ed, and in general gave poor results;

it requires :l ~ood ele:1! of redesign and de~'elopment before it can be used in atomic effects
meJsurinl; programs. The NOL modified Wiancko pressure gage proved acceptable, giving

results superior to those obtained on previous operJ.lions wilh other inductance type gages.

fn cerlain appliC:llions the acceleration sensitivity of the gage is excessive and confuses the

pressure-lil1le record; also, the damping characteristics of the gage could be improved.

8.1.3 Project 1.1a-2:

A~ency:

Report Title:

P rojeci Offi ce \":

Development or Mechanical Pres5ure-Ti me and Peak Pressure
necorders for Atomic Blast Measurement
Naval Ordnance Laboratory

Del'elopment of 1'.lechanical Pressure-T.ime and Peak Pressure
necorders for Atomic Blasl Measurement, WT-7B5
W. E. Morris
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This project evaluated two dWerent mechanical air-blast gages. The first portion con
cerned the modification, field use, and evaluation o[ an indenter gage for the measurement of
peak pressure. This gage is fully damped and has a response time of [rom 3 to 5 msec in the

pressure range [rom 1 to 250 psi. The response time can be adjusted as deSired. The lndenter

gage gives true peak pressure [or square step and slo ...' rise time shock waves. The gage will
not register the ma."timum pressure of spike type shock waves which have a duration less lh;lJl

the response time of the gage. Under appropriate shock conditions reliable pressure values

accurate to within :!:5 per cent were obtained under field conditions when acceleration eUects
were eliminated by proper mounting.

The second gage designed and evaluated under field conditions was a new self-contained
pressure-time recorder. The sensing element is a sylphon bellows, and the shock pressure
is recorded on a smoked glass plate attached to a sliding table. A one hundred cycle timing
signal, regulated by a stop watch, is recorded. Si..x gages were constructed having response
times of 2 and 5 msec and pressure ranges of 25 to 60 psi. When acceleration effects had been

eliminated by firmly mounting the gage, good records were obtained which ...·ere accurate to
:!:0.25 psi.

B.1.4 Project l.Ib:

Agency:
Report Title:
Project Officer:

Basic Air Blast Measurements
Stanford Research Institute
Air Pressure and Ground Shock Measurements. WT-71l
L. M. Swift

• • • • I

.. .. ..

The specific objectives of Project l.Ib included the determination of pressure \'s time
variations with ground range, at and near the ground surface, for five nuclear shots detonated

at very high, intermediate, and relatively 10.... heights of burst, as well as a limited study of
the near-surface underground accelerations produced by air-burst explosions. Using these

data, the project evaluated present air blast scaling laws, Mach reflection (path of the triple
point), precursor characteristics, the empirical height-of-burst chart, and earth accelerations.

Some experiments on instrumentation were conducted in conjunction with the project.
_ Instrumentation performance was highly satisfactory except on Shot 10, during ...·hich cables

"'-ere broken when several towers ble ...- dO"'i1.

In terms of fulfillment of the objectives of the tests. the following statements may be made.
For con\'enience, the statementS are rather positive; the qualifications and assumptions which

accompany them are detailed in the project report.
1. On the basis of the comparisons of A-scaled ma.;o:imum pressures, phase durations, and

impulses, the total air blast phenomena of U-K Shot 9 and TUMBLER Shot 1 scale \'e~y well.

The yie 26: 1 and both were detonated o\'er the same sur-
face at

2. analysis of the Mach triple point trajectory near
the ground surface is not applicable lor this intermediate height of burst. Thermal eHects are
such mat Mach reflection appears to begin at very short ground ranges and the rise of the

triple point shows two plateaus below the 10 fl level.

3. The precursor pressure waves observed on Shots 10 and 11 indicate that precursor ef
fects are increased \l,'hen the A-scaled burst height is decreased from 300 to 200 ft. Previous

observations of the depression of mv;imum measured surface air pressures in the precursor
region were confirmed.

4. Precursor wave front orientations obtained from arrival-time data seem to confirm the
heated-layer theory of precursor formation.

5.. Additional data for a compOSite height-of-burst cha.rt were obtained for a number of
scaled burst heights. Correspondence with previous data is good in the low pressure region,

but not so good in the 10 to 50 psi region.
6. A single measurement of dynamic pressure on Shot 11 indicates that in a region of ther

mal disturbance the Pitot-tube q-gd--ge measures a peak dynamic pressure ...·hich is signifi
cantly higher than the value one would compute using the measured side-on pressure and the
classical Rankine-Hugoniot relations.
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7. The earth acceleration data confirm results obtained on TUMBLER and yield some In
formation on the effect o{ gage depth upon observations.

B.1. 5 Project 1.1c-l:

Agency:
Re port Ti tl e:

Project OUicer;

Air Shock Pressure-Time Vs Distance {or a Tower Shot

Sandia Corporation

Air Shock Pressure-Time Vs Distance lor a Tower Shot, WT-712

J. Harding

{I S"irf"
(b)C-~) )

US}r::- (,

(&,)(?)
\., ")

As AJfected by Hills and Dales

As AJfected by Hills and Dales, \I.'T-713

Air Shoc~ Pres~u~es

Sandia Corp'oration

Air Shock Pressures
J, Harding

Project 1.1c-2:

Agency:

Report Tit Ie:

Project Officer:

a _ •• ......

. .. .

B.I.6

o augm

energies delivered to the various gage stations prior to blast

..... al' dicated considerably higher thermal fluxes for

Shot Since the popcorn threshold for Nevada sand is

onlr me blast-thermal interaction seen on Shot 1 Is not

surprlsln~. E\'en under these extreme CIrcumstances, positive- and negative-phase impulses

seem to remain the same since the scaled impulse-distance curves are reasonably eqUivalent.

A second experiment was p~rformed to check the expected asymmetry of blast effects on

UPSHOT-r..""?"'-OTHOLE Shot 7: three agencies-the BalliStic Research Laboratories, ?javal
Ordnance Laboratory, and Sandia Corporation-participated, The device detoruted had a mas

si\'e shield against one face ..... hich caused a large fireball protuberance of lesser temperature.

Thermal radial' r d blast asymmetry wa.sma.rked.

ereas that on the shielded

symmetric mass distribution in the

n fundamental blast effects studies are to be made.

Overpressure measurements on UPSHOT-KNOTHOLE Shot 1 (16.2 KT, 300-it tower) were

made along a blast line extending between 700 and 7800 ft [rom Ground Zero; 16 ground-baffle

gages and 12 air-baffle gages 10 ft above ground were used. Full pressure-time histories

were recorded [or all save the six closest air-ballle stations, w.hich were destroyed by the

blast. Wave form anomalies were contrasted wilh lhose {OUI1d on BUSTER Shot Charlle IUld

TUMBLER Shot 4: attenuation rates o{ double peaks were opposite those usually manifested by

precursor wave forms, a behavior that is attributed to the difference in shock interaction with

a stro'lg temperature gradient (Shot 1) and a bounded high-temperature layer (usual precursor).

A detailed comparison of overpressure-distance curves reveals that on Shot 1 measured

overpressures greater than 10 psi are but half th s measured ate ual scaled distances on

GREENHO SE

.'
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This project was a continuation of the study o! the effect of terrain on the blast \l.-a\'e from

atomic bombs. The project report discusses the military significance of these effects: how

terrain arrects target layout as """ell as blast wal'e propagation, how choice of the burst point

might be influenced by terrain, and hov" damage susceptibility of various structural clements

will change 'lith chanf:es in shock ""ave form. Terrain effects are more important for large

bombs than for small ones because the larger circle of interest will include more terrain

features.

Measurements on UPSHOT-KNOTHOLE Shot 7 consisted of ground-level pressures on a

ridge to the west of the shot point. the same ridge that was instrumented on Shot 5 or TUM

BLER-SNAPPER. Special attention was paid to measuring pressures farther fore and alt of

the ridge than before and increaSing the number of gages ne:ir the crest. Previous observa

tions were confirmed in th;jl pressures on the foreslope 'l'ere higher (spiked wave forms) and

those on the back slope 10"'er (rounded ",-a\'(' forms) than would have been predicted at the same

distances o\'er flat terrain. Enough detail 'l'as obtained to sho'" that these effects were caused

by a compression 'l':I\'e frOnl the inil i;j! upslope of th<- ridge and a rarefaction wave from the

dO'l'nslope at Ihe creSI of the rid~e.



B.1. 7 Project l.Id:

Agency:
Report Title:

Project Officer:

.. -~_._ ... _----- _.... _- .. -- .

Basic Air Blast Supporting Measurements

Sandia Corpor:ltion
Dynamic Pressure Vs Time and Supporting Air Blast Measurements,

WT-714

J. HJ.rding

Project l.Id measured dynamic pressures in the shock wave and preshock pressures. It

also conducted a 'feasibility study of new and modified gages to measure dynamic fJressure,

density, temperature, and particle velocity.
Measured dynamic pressures can be compared with those calculated (rom the measured

overpressures using the Rankine-Hug-oniot shock relations and regular reflection theory. When

no precursor is formed, measured dynamic pret;sures are in reasonable agreement with those

calculated although some effects of thermal mechanical interaction are noted. Dynamic pres

sures measured in the precul'sor are much higher th:ln those calculated. Laboratory tests have

indicated that the Piro[-static instrument used c10es respond to dust as well as 10 air, and the

quantity measured by these ga.ges is apparently (II; P1I1lair + (pu2)du~1 wh~n dust is present in
[he shock w:lYe. as is true in the precursor.

Measurements have shown a few instances o( real but small pl'eshock increases in air

pressure, all apparently caused by thermal radiation alone.

Results of the gage feasibility study indic:tte that the q-tube (dynamiC fJressure) and the

centripetal density gage are suitable for use on (ull-scale nucleu tests, Both tho:: modified
sonic wind and sound speed indicator and the whistle temperature gage must be subjected to

further modification before they are suitable (or field use.

B.1.8 Project I.J:
Agency:

Report Title:

Project Officer:

Free Air Blast Pressure MeJsurements

Air Force Cambridge Research Center

Free Air Atomic Blast Pressure Measurements, WT-715

Lt Col J. O. Vann, USA F

This project was desi[l'lled to (I) c1eternline ·the free air peak overpressure \IS distance

curve for air-burst atomic bombs :ll overpressures below those covered by existing dala, (2)

determine the path of the tripl.:> point at hi[:'h altitudes for;\I I~:ls[ olle shot, and (J) measure

the, relative stren[;"ths of the free air and reflected shocks above the triple point and of the

M:lch shock belo,.... the triple point.

The project parlicipJtedin Shots 4 and 9 because the points of detonation were of suf(i

cient hei[:'ht above terrain to g-ive a good separation of direct and reflected shocks over a wide

r;tI"l!;c of distances, The operation was accomplished by deploring 14 pJrachute-borne canisters

on Shot -1 and 20 canisters on. Shut 9. Two B-29's were used in laying dO ...."Tl e:Jch array. The

preliminary positioning of the canisters was determined so as to meel the ohjectives stated

allove, and the positions and times of canister release were adjusted to attain these posil'ions

at shock arrival time with allow:lncr for wind drift during time of fall.

Each canister contained an altimeter transducer, two differential pressure tr:tnsducers,

and a radiotelemetry transmitter. The telemctered pressure and altimeter data were recorded

at a ground station.

COlllplete data were received from all canisters in both tcsts. In Shot 4 all canisters were

in tht! ref:'ion of reg-ular reflection. In Shot 9, 14 canisters were in the region o( regular re

flection and six were in the ~Iach reg-ion. In addition to the main direct and reflected shocks,

a small secondary shock and its ground reflection were received at nearly all canisters on

Shot 9.
The free air \'alues were normalized to 1 KT in a homogeneous sea-level atmosphere and

used to extend the TUMBLER composite free air curve down to overfJressures o( about 0,07

psi. A cumparison of this curve with the results of previous tests at low heights of burst was

m:tde to determine the effective reflection factor (or these earlier shots. The path of the triple

point was determined for Shot 9 over the ranf:e of altitudes between 6500 and 10,500 ft, and

SOllIe tentative conclusions were reached on the distribution of peak overpressures in the re

flected and lYtach shocks in the neig-hborhood of the triple point.
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8.1.9 Project 1.4:

A~ency:

Report Tille:

Project Officer:

· - .... _._ ...... _0_.-.:. .... _ ... _'._._0.- fO'. 0',

Earth Measurements

Sandia Corporation

Free-field Measurements of Earth Stress, Strain, and Ground Motion,

WT-7l6

I. Harding;

Pan 1- Project I.<la

E:lrth cover pl'ovides protection to underground structures against the effects of air shock

loading. Part of this protection may result from attenuation of stress with thickness of the

cover. Measurements of vel"tical earth stress at three depths and at five ground ranges were

lll:lde during Shots 9 and 10 to detect and evaluate stress attenU:ltion with depth. Data fit equally

well th" elllpirical equations

and

(
d)-O.Jj

p=p -
I d

l

in ..... hich P and PI are the stresses in psi at depths d :lnd d l in ft, d l being the shallower. Pre

.tLsion in each C:lse is better than ::25 per cent.

P:lr[ 11- Project I.~b

A practic:l1 system lor measuring free-field earth stresses and strains resulting from

transient loads has been tested ..... ith sufficient thoroughness to establish its feaSibility. Arrays

of directionall]' sensitive earth stress and strain gages and accelerometers were installed

5 (t deep to record these parameters during Shots I, 9, and 10. Duplicate instrumentation

sho ....·e:d th:ll stress measurements were reproducible with average deviations of 16 per cent

and strain measurements with al'erage dc:viations o( 35 per cent. This test disregards the

presently unknown factors related to perturbations of the stress lield by gages. Stress-strain

I;raphs demonstrate hysteresis. Plastic deformation 01 the soli resulted in rates 01 energy dls

sip:ltion as hif:h as 300 )l ft-lb.-'ft J. Data from Shot 10 delined the stress tensor in terms 01

m:l[;nitudes :lnd directions of the three principal stresses as a lunction 01 tlme.

B.1.IO Project J. 5:

Al;enc y';

Repol"l Title;

Projecl Officer:

Test Procedures and Instrument:ltion lor Projects l.lc, 1.ld, 1.1a,

and I.4b

Sandia Corporation

Test Procedures and Instrumentation lor Projects I.lc, I.ld, 1.4a,

and lAb, WT-787

J. Harding

Operational I)', Sandia Corporation's Blast Instrumentation Program consisted of shelter
installations. !:,Jge installations, :lnd the associated liaison and logistics lor Projects l.lc,

I.ld, 1.4:1, :lnd J.~b. These projecls were concerned with air blast pressures, dyn:llllic pres

sures. :lI1d ~upporting measurements and with pressures, strains, and :lccelerations in the
e:lfth.

These measurements ..... ere made in three different areas at the NPG :lI1d covered (our

shots. A total 01 273 electronic inlormation channels were attempted. A tentative score is as
lollo ..... s:

ShOI I' 65 channels attempted; 49 t::'ood. 12 p:lfti:ll, 4 bad.

Shot 7: 39 channels allenllJted; 38 good, I bad.
Shot 9: 90 ch:lnnels attempted; 82 good. 3 partial, 5 bad.

Shul 10: 79 channels attempted; 57 good, 17 partial. 5 bad.

In ;oImosl el'ery instance ..... Ilen only panial inlormation ..... as obtained, the gar;es failed
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because the tower on which they were mounted blew away. In nlJ.Ily cases when no information

was obtained, experimental gages of unproved design were involved.

B.2 PROGRAM 2-NUCLEAR MEASUREMENTS AKD EFFECTS

Pro~ram Director: E. A. Martel

B.2.1 Project 2.1:

Agency:

Report Tit l'e:

Project Officer:

Studies of Airborne Pal"liculate Material

Army Chemical Center

Radioactive Particle Studies Inside J.Il Aircraft, WT-717

Maj J. M. Roady, USA

This project was conducted to study radioactive particles in the inhalation size range to

which crews of pressurized aircraIt might be exposed as a result of flying through an atomic

cloud. The objective of the study was the e\'aluation or potential inhalation ha~ard relative to

the associated e:-.iernal radiation exposure. The study was carried out in association with

biomedical investigations with the same objective conducted under Projec( 4.1.

Instrumentation was placed in two QF-80 drone aircraIt (operated under Project 4.1) which

were flown through the cloud a short time aIter two air-burst detonations. Samples of the con

t:J.minalcd intake air were collected on the slides of a fl\'e-s[:J.l;:e c:J.scade inlpaclor, which was

backed by a millipore filter.

Laboratory an:J.lysis of the samples is complete, but e.\.1ensive revisions required on the

Project 2.1 final report have delayed its publication. The results indicate, however, thai the

internal hazard associated with contaminated cockpit air is negligible when compared to the

:J.ccompanying whole body external dose received during the penetration of the cloud.

B.2.2 Project 2.2a:

A[;ency:

Report Tille:

Project Officer:

Measurement of Ganlllla Radiation of fission Products

Signal Corps Engineering Laboratories

Gamma-r:J.y Spectrum of Residual Contamin:ltion, WT-718

R. C. O:J.ss

The object or this project W:J.S to determine the ~al1lmJ-ray spectl'al distribution or the

residu:J.1 contalllin:ltion resultin[; frolll to ...... er and air deloll:.ltions of sever:11 lIuc:le;lr deviC:t:s.

Infol"ll1ation of this nature is requirl!d to furnish optimum desi(:n pJr:lmelerS for v:lrious rJdia

tion detection devices as well as to deterliline the biolo:;lcal sig-ndicance of thl' ~alllm:l r:ldi:l

tioll associated with tile .resldu:l1 contamination.

While data were obtained utilizin~ two types of insll'umentation, prim:lry enlph:lsis was

pl:J.ced on the use of a scintillation spectrometer. The nleasurements cOllsisted of a dcterllli

n:ltiOIl of the spectral distribution of the secondary eleclrons produced by the incident pllotolls

in cwo different scintill:J.ling phosphors. The light pulses produced ...... ithin the phosphors were

detected with photomultiplier tubes, and the count rate as a function of pulse height was re

corded. This WJS done using a preamplifier, linear amplifier, pulse-height an:llyzer, and

sC:J.ler. These dJta were tll:ln an:llp.ed to det·ermine the spectral distribut'ic)f\ of the incident

photons, The second:lry method utilized five radiac instruments, one of which wa.s air equiva

lent. The other four were modified by lininb: the lucite w:J.lls of the ionization chandJers re

srectively with :J.lunlinulll, coppel', tin, and lead. This method enabled only :J. determination of

the Jppro.'\imatC' percentages of the dose rate contributed b)' th~ portions of the bJmllla-ray

spectrum below and abo\'e 200 key and of the approximate spectral extent.

Measuremenls were made at limes varyin~ from I hr to, 10 days following detonalion at

positions near Ground Zero fur air bursts and at ran~es from 1000 yd to J miles from Ground

Zero for tower shots. The locations Jt .....hich readings ..... ere taken were limited inasmuch as

the techniques used were reliable only at ~anlmJ-ray intenSifies of less thJn 500 IlIr/hr. All

anJlysis of the data obtJined during UPSHOT-KNOTIIOLEindicated that the major contribution

lo the f'amm:l radiatiun associated with the residual conl·a.lllination is fronl gallll1lJ rays of

energy g-reater than 200 kev and lilat litlle radiation lies above 2 Mel' in eneq;y. The results

of tilL' (WO tr0es uf illstrulnelllJtion used are in good agreelllent lJotl! as lO spectr:d qualll], and'
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alJprOxim:lle spectl'al extent, and results ottained with the lined chambers appear to be in

a~I"L'('IlJ(~1I1 willi tllvs!' oulailled dUJ'ill~ SNAPPEIL Results obtained from'tlle scintillation spec

lromel,'r IIle:lSuremellls al'e presented in the form of plots of ~amma photon flux and gamma

radi~.tion inlensity in milliroentgens per hour as a function of ener~)' between .JD key and 3 Mev
al ciiffer('lIt tillles after deton:ltion for \'arious loc:ltions in the residual contamination field.

HI'suIIS obtained from tile lined ionizatiOIl chambers and comp:lrison of these results with those

lJ( I Ill' sl'intillation slJectromeler measurements are presented in tabular form in the project

1'1'1'01'1,

It is fell tll:ll fulure efforts should bo? directed toward an analysis of the ~:lmma-ray re

sidual spedral c1istrilJution sulJsequent to a surface or underground detonation and that meas

url'JlIl'lIls include hit;h-intensity :lre:ls. Indic:ations are that the associated speclral quality is

sufficiently sofler, w:lrr:lnting- fUI'lher efforts in this direction. The present technique of in

strulIlL'ntalioll and an::t1ysis is considered adequate in cOllducting rapid measurements ill the

fil'ld. TII!"!'I' lin('d l'h:lllll)('I's en:lulC' an almosl inslant:lllCOUS determination of the api-lroxirllate

pl'r"I'lll:lg'I'S of tile close conll'ilJuled I)y llie portions of tile gamllla- ray spectl'Urll lJelow and

{\UOI'l' 200 kol' for 1111' SlJeclral clistributions for Which compJl'isous were mJde, f'or a more

precise clcll'rl1lin~lioll of Lhe cner~y spcclrum, the use of:l tot:ll :lbSOrplion spectrollletel' em

plll)'ill[.:" :I I:lr~l' N~d-TI crysl:ll is recolllmended.

13,2.3 ProJ(·cl 2.2u:

A;':l'llq':

Ikl'orl Titlc':

Pl'ojl'("1 O[(i("('r:

Ill'sicill:ll G:llllllia DepUl Dose Me:lSurenlents in Unit Density Material

N:II':li /lkdl(':l1 Hl'sean:l1 Inslitutc

J<e,;idual G:ll1lllla Depth Dose Me:lsurements in Unit Density Material,

\\'T-719

CD!1 F. W. Ch:ll1lbcrs, US:--i

G:IIIII1I:1- r:ldl:11 iOIl :1l)sCJl'pl ion IIIC':lSUl'o?I11eIlIS \Io'ere 1I1:lc1e, el11plo)'inl; small enert;y- inde

1lC'lldl'llt IlII1 ('11:'lIlIbel':> in Sl'vl'ral Iypes of unit dellslty I-lhJnlOlllS, Lo Study the t:hJracterislics of

rl!"idu:i1 l'OIl(;llllin:llil"l I':lcii:ll iOll, Such llleJsurements arc of \'alue in the inlerpretation 9f the

,I)i'''''~ll':d "I~nlil('~lnn' (II' \';II'IOU'; rq:iolls of residuJI I:::lmlll:l enel'~y dislriLJutiolls measured by

I'I'''J('''' ;!. 2:1.

TIlI'C'l' IYl'l'::; uf ullil eh'll,;ill' I'l1:.1nlOl1lS ..... ere employec1, In adc1itioll to sets of lucite spl1eres

"f 1·,II·luU,., \\':lil Illld:Il('.-;";L',., IILll 1I:1el UI'L'1l us(,c1 in lilt' stud)' of initi:ll b:J.1I\1I1:l r:ldi:ltion, :J Ill:l

SIIlllle' sldl,:r\' :Incl :1 III:lS(Jnll L' 111:111 we'/'c usecl in thl,; Sluely, The,;e 1:Iller lype ph:lnlOlllS, willi

d"", 1111'1<"1'" ell,.,ll·d'lIll'd III cll'pll1 :11lc! eli I'L'ellull, Illorl' ne:ll"iy :ll'pro.'(I/lI:llc the I::eoillelr)' vf the

Iioely \,ullflL!1I1':1I10Il,

F.:X:IIII IIl:li 11111 of the rl'slclll:li r:lell:lIIOn field dJl:J frolll thes" measurC'llIenls re'\'e:lls J re:ldily

:1!.J,.,urIJl'O l"\lllIpUI1L'nl p"l'''('111 ill 1111' I·(.'siclual raciiallOi1 Ih:lt is IlUI presenl \11 the initlJ! radiation

:lllci III:'! IIIl' ekl'lli ciU';i' l'UJ"\'C fIll' the' J1ll::h-ene.q.:y component in thc case' of:l f:l11<Jul area 3.5

11111(·,; (1"1/11 Crlllillci 7.1'ru is 1101 1'C'r)' olff('!"enlfrol1l thJt out:Jined f'-Olll thl:' initi:ll rJdial·ion.

U,2,~ Project 2,3:

t\~l'ncy:

Hl'I'LJI't Title:

ProJcct Orric:cr:

I'\('ull'on Flux and Spectl'unl Vs R:lJ1i:e

N;I\':l1 Researc:h LJboratory

Neul ron Flux /...!L'JSUI'Clllenls, WT-720

T, D. HJnSCalllc

Til,' n',l':ISLlrl'nlenl o( lIl'ulron flu" \'~ r:lnl;e at UPSHOT-KNOTHOLE W:lS;l continuatioll of

lIll' work clvnc :ll SNAPPER, as far :lS techniques are concerned. Most of the methods used in

SNAPPER were used ag:lin in UPSHOT-KNOTHOLE, There was no nludiflCJtion in the use of

till' 111('1'111:11 :1110 thl'esholcl ci('l('cl()rS-~old, t;II1l:llur:l, :Jnd sulfur." The protoll recoil films were

not used on (IIi:; opel':lliull uec::.Ju:;<: of tile shorla~e of pt:'rsonnel and the l:lc:k of f:lcililics far

rL'adlll~ lhl' plJles. Adciltioll:ll eJllph:lsis was ~il'l'll to the use of fission threshold detectors and

/luLiear tl'~l('k emulsions of apfJrul-lriatc: sensitivily to I'ccord lile rissioll fr:lgmenls, This method

i"::1 1I11,c1ifi(':lli()n o[ P:ISt \\'ul'k ill \\'hi('ll the fission rl':l~menIS were c:luf.:hl on :lIUlilinu/ll fuils :llld

(" !lUIII ('cI,
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The reSuUs o[ th~ project may be sunlmuized by gl\'Lng the attenuation [aclors (tlie 50

c:tlled e-jold distance) :tlla range" O-intercept :lS r1lcJsured \\'Ich each 01 ehe dClectors:

0,3 PROCR.Hf 3-STRUCTURES, MATERIAL, At'D EQU/PJ\IE:--:T

Pro~ralJl Direclor: con c. E. L:lnf:lois

.-

0.3.1 Projecl 3. J:

Agcncy:

nepor( Tille:

PC'oject Officcr:

Tests on the LO:ldjnl,; or Duildirl[; anc! Equipmcllt 5:1.1;.1L·S

Air M.lleriel ComnJ:ll1d

Tes(s on the LO:lding of Suildill£; :llId Eq,~jpnlelll ShJ;Jcs, \\'T·72\

D. J. 0' B :- i ell

The objective' of lhis lest WJS to determil1c IlQW tile JO_1dill~ on :I riGicJ rcctallh"\J1J~ lilock is

il\flucllcrd by ch:ll\~l';; ill lJJ:1S( p.1r:ll1lctcl"S ;1I1d ill struclur:1! size :llld slI:1j)c·. Spl'cillr:J~l)', till'

effe":IS of lhc follo .... ill~ v:l(i:tlJk,; ',Icrc' c!C;;irl'd:

t, EflC C[

1 E(feCl

J Eikcl

", ::: ii ecl

5 t:~·(0Ct

01 :jll,)..:\-:. 5t I'ell:;lli.

01 [\\'u-dimcilsiuil:t! comp:ll'"d ',I'illl lhrCL'-c!lfllcl\sio:u[ IU:ldl:I;,

of :liJsolute :;i'~e 01 ol!sl:lcles uf simi!:lr :;I\:tpe,

of O"ll'lll:ltIO:l of oLJ;;l:\(I,:~ of ti,e $:111\C SI1:1j)I'.

01 \',l~YI:l:; a!J.solu,e 1<2'I;th of :1l1 al!stl\cle ',I'hosc' he: s::: :Ind '.\:::::, dl111L'",l):I,; :I.e

;;eiJ( consl:tlll,

G, E:':CCI ,): :l1~:!("plt: ~'O\ll\ct ~,~:I<2cliol:s :ts :1 function o( c!ISU',(I' (ro:" I~l' botlOn: of :111 ele-

1,'.1 ~~~\ S\ :'l...'C [:..: (~" t·J (:l~ ~ lOt; rid:

" CUCCI of S)lll'ldlil:; :IS a f~r:c:i()n of ~iSt:ll\CC bel'",-'ee:l olJsl:lC\c5,

a. E({ccl 01 11IwluJlle rellection lllcJ c!e:lr;lnce c:1used oJ' \':Iriaus lypes of r<2-cl1[o .... cor

IlL':''; a:ld cJvities.

S, A comp:tr'i"or: lJclwC<211 IOJc::]; ill Ih<2 ,\1:Icn rcgloll :<lId tll:ll I~, the rq;UIJf rdkc::olI rc-

giO/I,

:\ SUle5 of 17 r.:'illforced-coilcrele tJtocks WJS dL'si:;;llccJ for c,90surc (0 Shots 9 Jr,j 10,

TItL' slruclu res werc' Jnchor.:'ci to (,~e £;roulld Jl1d were cxpccted 10 '~ithsl:llld n'l' clfccls of lire

shoc;: "'a',',, '.l,·jlhou( perm.'!ncllt ddo~r.1J\ion, 1""'-'0 of tlle Sl(uclures ·"ere loc:11ecJ ill tilL' cX;Jcctcd

rC';;ul:tr reflection reGion of Shot 9 :lnd the olhers ill (he expectcn ~l:tci, reflectloll rq;lo:: for tli:ll

5:101. [II Shoe 10 1',\'0 of the st ruc Iu res \I' ere IOC:l1ed in Ih c fnccu I'sor r q;ion.

1'11(' ;I.n.,. of slructure" cOI1,;isced of control 1Jlocks G It Iii,:;" 12 fl ....·ide. JI1(I G ft cj~C;J Ifl

tile d::'cction of tlit: LJIJsl, {u::L'llIcl' ".'jUI ol"licr lJfocks 11:t\"inl: proporl,on:tl dlr:l'~"SIOIlS :tll~ sjJeci

:tlly ck:si~ned "lrUClurc" (0 .1tLiln thc other OIJ)l'cl/\'c,; of srlicll1llll:, O..-icril:1110IJ. '<.'k\-:II,O:: :1iJovu

[,round, Ctc. A "iC'.I' or SOllie of lI,c tJ!oc~:s is shown in [-'Ii:.' 0,3. t\ I():.ll 01 21,: ch:ln/I\.'I:; 01 Pl"l.:~

sur c - t i r11 C 111 S( r u nl en [ J I ion \1" as' 0pc t' J : c:J lor e,1 c Ii s It 0L T! I C 5() II W:I, St :t bill :. t: cl for :1 S;J:i Ce () r

~OO II in fronl of llll' Jr":IY ,11 ,1900 [110 Iidp ill olH:linlll[;' J cle:11I silO;:;: '"'-'.'!ve.
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ess obtaining pressure-time records on most gages was achieved. Structure 3.1s,
located in the precursor region of Shot la, overturned and ...·as thrown back about 20 [I. No
other structures suffered any permanent deformation or displacement.

The pressure-gage data pro\'ided su1ficient information to satisfy most of the test obJec
tives, Diffraction phenomena, in general, ""ere consistent with 'pretest expectations, but drag

coeHicients did not turn out to be constant as ..... as expected. Pretest diJfraction- impulse pre
dictions ....ere, on the average, high. The largest discrepancies in cWfraction impulse between

predictions and test results appeared on one of the skew-oriented structures and on the struc

tures ele\'ated above the ground,
There seems to be a nearly linear decay in drag forces during the positive phase of the

blast wave. The drag forces observed I.l·ere not in agreement \I.-ith the pretest method of pre
diction, ..... hich was based on simple one-dimensional .... ave theory, Uncertainties in Instrumen
tation made the determination of drag forces doubtful, and the possibility exists that the in

creased dra!; force observed ...·as not a real phenomenon,
The test I.l'as designed primarily to study diffraction phenomena, A comparison bet\l.. een

measured and predicted diffraction loads served (0 confirm certain aspects of the pretest

methods and led to revisions of others. In the remaining instances, the form of the data was
inadequate to either confi rm or revise the methods, This latter category includes those cases
in which the test data ...·ere clearly in disagreement \I;ith pretest predictions. Ho ...'ever, it ..... as

not possible to revise the prediction scher:1e, ::UH.J further Stud\" is recommended.

The pretest load-prediction methods '''ere revised in three instances: (I) the value of the
buildup coefficient, n, "":1S modified to,yielc a more-rapid pressure buildup on rear surfaces,

(2) a correction factor ...'as developed which effectil'ely decreases the predicted diffr:1ction im
pulses on obliquel:. loaded surfaces, and (J) the method of loadin!; on the underside of ele\'ated

structures was changed to b'h'e loads I.l'hic:~ are 10'~er than pre\'iously predicted but still some
I.l'hal hi[:her than free-stream,

The pretest predIctions ..... ere confirmed ...·ith regard to: (I) peak average pressure on semi
front oblique surfaces, (2) loadings on the top and rear of very wide (i.e. nearly two-dimen

sional) structures, (Jj time-scalin!; on the top and rear surfaces of geometrically similar struc

tures, (~) occurrence of a so-called pea.ked shock erfect ...·hich leads to reduced pressures on
the front of large structures (i.e. those I.l·hich are large in terms of the ratio of structure helght

to-blast wavelength), and (5) diffraction impulse on surfaces of Irreg1Jlarly shaped structures.
U the increased drag force is accepted as a real phenomenon, It can be explaine<l In terms

of an analytical solution lor the free-air blast parameters, ...·nich results in a dynamic pres
sure-time curve differing [rom that obtained by one-dimensional wave theory,

A metnod of predicting loadings on rectangular parallelepipeds In the precursor region
was developed from the pressure data on Structure J, It. This load-time variation consists of a

linear rise of net force on the structure to a maximum value given by the product of a drag co
efficient and the peak ideal dynamic pressure (i.e, the dynamic pressure over an Ideal surface

in the absence of a precursor), [ollo ..... ed by a linear decay to zero ;It the end of the poslUve

phase. The lime of rise to maximum load is about 100 msec and is probably independent of the

building l:eometr~·. Inasmuch as this empirically determined loading Is based on only one Bet of
data, it may vary considerabl,' for other precursor shot conditions and for other building

shapes.
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B.J.2 Project J.1u:

Agency:

Report Tille:

Project Oflicer:
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Shock Diffraction Study

U. S. Naval Ordnance Laboratory

Shock Diffraction in the Vicinity of a Structure, WT-786
W. E. Morris

The objective of Project J.lu was to determine the shock dlfCractlon In the vicinity of a

structure. An array of 14 pressure-time ga[;es at ground level and at a helg-ht o( 5 It were

located behind and to the sIde of the J.lt structure. The instrumentation employed Wlancko

inductance type pressure gages and the NOL FM transmission and magnetic tape recording

system.

On Shot 9, the J.lt structure and the 3.1u diffraction measurements were In the reg-ion

traversed by a conventional Mach shock ..... ave. Diffraction effects were observed In the form
of a 50-msec duration spike superimposed on the free-fleld side-on pressures both behlnd the

structure and to the side of the structure, DireCtly behind the structure the magnitude of this
spike ..... as 40 per cent hig-her than the free-field peak pressure at the ground level g-a.;e closest

to the structure (6 fl). The 5-fl high gJ.f:e sho ..... ed less of an increase (about 15 per cent) In

pressure than the ~round level gages. The magnitudes and shapes of the pressure-time record::;

of the g-ages located behind the slructures were quite similar to the pressure-time records

from gages on the 3.lt structure located J.lon~ the center line and at corresponding heig-hts on

the back face"of the structure. The magnitude o( the pressure spike to the side o( the 3.1t

structure .....as 20 per cent grealer than the free-(ield pe:tk pressure at the closest station (9 Il).

Diffraction effects .....ere observed 24 fl both to the side and in back of the structure. At 48 ft any
effect hJ.d about disappeared. Since the laq:esl dimension (L) o( the J.lI structure was 12 (t, dlf

(r:lctlon effects a~pear to exist oul to about 4L. Therefore, If shleldJng eUects are 10 be avoided,

a minimum dIstance of at least '1L should be mJ.lnta!ned both 10 the side and behind a structure.

On Shol 10. the J.lt structure ..... as in the well-developed precursor region. No stronF: dlf

frJ.ction effects should be expected in this region ....·here a slow rise-lime pressure pulse wa!!

observed rather than a true shock \I.·ave. No diffraction effects \I.·ere observed In the record!! of

the 3.lu ar.:-a~·. and the pressure-time records follo\l."ed closely the free-field pressures_ In

cunt rast to the Shot 9 results. the lJeak pressures of the gJ.f:es closest to the structure showed

decreased pressures (35 per cent in bac\-; and 15 per cent (0 the side). These decreased pres

~ures Ol:l:> be ascribed to the crfect of the influence of the draf: loading- phase since tne)' persist
over:l l:lr~e portion o( the pressure-time history.

B. J.J ProJecl J.3:

A[:cncy:

Report Title:

Project Officer:

Tests on Horlz.on[;~1 Cvllndrlcal ShJ.pes

Air ~laterlel Comm:lnd

Tests on the LO:ldlng of Horlz.ontal Cylindrical Shapes, WT-722

B. J. O'Brien

The objecli\'es of thIs experIment ""'ere to determine the bla!!t loadlng on horllont41 c]'llo

dl'rs, \I,ith particulJ.r reference to the effects of shock strength, the effects of target sIze on the
net loads, and the effect of dJstance above ground.

Five steel cylinders closed al both ends and supported at varying dlsl.ances above the

!;round ""'ere located at t\l,'O stations In both Shots 9 and 10, Four of t.he cylinders were 5 ft In

diameter and 20 ft long, and one \I.·as at one-quarter scale of these dJmenslons. The helghtB

abo,-e ~round varied from 4 to 36 In. A typical cylinder Is shown In Fig. B.~.

The cylinders were located as follo .....s:
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The cyllnders were uubJected to clean, well-defIned blast waves In bOUI Shots 9 and 10.
The pressure-gagt data provIded the loading on a cyllnder one radius above th~ ground. There
ls some uncertalnty us to the pressure scale, but the buildup and clearIng tlm"es were found to

be essentlulJy the same as for a cylInder In free space, wIth the exception of the cleurlng time
on the front face. The predlcled clearing time on th~ front face of an Isolaled cyllnder was be

tween 4 and 5 rlU time units (r :: radius 01 cyllnder, U =shock-front veloclly); the test results
Indicate a cleHlng time of between 8 and 10 rlU Ume units.

The remaIning test objectives could not be reallzed [rom the pressure records, since these
data exhIbited a cons1derable and generally random spread from wh1ch nO trends could be es
tablished. In addltlon, no quanUtatlve Information was obtained from strain records, because of

Inablllty to Interpret these data properly. The data-reduction schemes, as applled, d1d not yield

a satisfactory Interpretation of the data; however, computalJons were not carried to the point

where deflnlte conclusIons could be reached as to the [easlbllity of the var10us methods em
ployed.

No defInite conclusions have been reached for this test, although some Information of value
concerning the scallng of Ume details and the loads on one cylinder conflgurat10n W8.B obt l.1ned.
The Interpretation of the straJn dilta most probably would have been enhanced had the dynamic
characterIstics of the test Items been determined by 1ndependent means either before or after

U1L' (('sIs. It Is also clear that much add1t1onal work remains to be done wlth respect to the de

sl~n uf nel-force-measurement systems and, In particular, associated problems of data Inter
pl"et:lllun.

n. 3. ~ Project 3.4:

Agency:
Hepon Tltk:

ProjeclOfllcer:

Tests of Truss Systems Common to Open- Framed Structures
AI r Mat~rlel Command
Tests on the Loading of Truss Systems Common to Open- Framed
Structures, WT-723

B. J. O'Brien

The objective of this project was to determine the drag forces applied to open fpme struc
tures, such as bridges. SpecIfic objectives were lo determine the rel:llive amounts of dlffrac

tiun and dr;\g Impulses, to lind the effects o[ drag loading due to the Ilhleldlng of componenl
p:lrlS, and t·u obtJin d:lta for comparison with wind tunnel data obtained under steady-state flow

cundllions.

The basic structurL' 1.l.':\S a dupllc;\tt? of the center section of a through-type, open-deck,
sln/:"k-tr:lck, tru:;s r:llll.l.ay brtdl:e. Duplicate secllons of the top chord assembly, the bottom
chord :J.sscmbly, ann :I slne::1e be;\m from the bottom chord ;\'ssembly were :llso Included. The
fifth lcst !Lem 1.l.":lS a section of a through-type, open-deck, plate-girder railroad bridge. Each of

the sections except for the sing-Ie beam. was mounted upon simulated brld/:e plertl 01 concrele
about IS ft high, 1.l.·lth the test secllons f:lstened to steel sensor bars which were In turn welded

to base plates bolted to the piers. A view of the plate-girder secllon Is shown In Fig. B.5. The
des Ibn of the reaction struclure I.l.'JS Intended to be such th:lt forces on the bridge elements
could be determined from str:lln-gage re;\dlngs on the sensor bars.

In the prolotype bridge, lateral stability of the top chord was maintained by a top lateral
system eXlendlng to porlal br:lclng al e;\ch end. Because thlE! system was unavailable In the test
specimen, which consisted only of one panel of the urid/:c, a cable-bracing system was added to
prevL'nt later;\l deflection of the top chord.

All tile objects tested were located In the ran~e of 2200 10 2330 ft from actual Ground Zero

for Shot 9, and 1950 ft [rom actual Ground Zero for Shot 10. The peak side-on pressure levels
for thesL' r;\nges were, respectively, about 11.5 psi for Shot 9, and 9 psi for Shot 10.

The effects of the blast In Shot 9 caused lIttle damage to the lest Items. The cracking of

tl.l.'O sensor bars at the weld of the plate-girder secllon watl observed. A small permanent set
of apprOXimately 3 In. at the lOp of the truss secllon resulled from the guy cables being loosened,
apparently due to the slippage of the cable clamps. After the shot the cables were tlghtened and
five clamps were Installed on each cable end, Instead of three.

The d;\m;\ge of the lest Items on Shol 10 was considerably more severe than had been ex-
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pected. The upper part of the truss-bridge section failed completely and fell to the ground. The

cable clamps again slipped, but it is not known whether the forces would have been sufflclent to

break the cable had the clamps held. A small permanent set was observed in the top-chord

component. The bottom-chord component appeared to have sustained damJ.ge from nylng de

bris. A view of the structure after failure is shown in Fig. B,6.

Five strain records on Shot 9 and all eighteen records on Shot 10 were considered to be
unusable. The Shot 10 records consisted entirely of 9.·hat might be termed high-frequency

hash; many of these show predominant zero shifts and off-scale readings. Even the Shot 9
strain records gave some Indication of base-line shifts and callbraUon errors. For the most

part the strain data did not yield interpretable results, and therefore none of the stated objec

tives have been achieved. However, in view of the limited and uncertain nature of the experi

mental data obtained, it is very doubtlul that all the test objectives could have been reallz.ed

anyway. The data-reduction techniques employed were stmilar to those used in Project 3.3,
and in general the same negative results \I,'ere obtained. Perhaps the most important results of

the test have come about through consideration of the damage sustained by the truss-bridge

section, It was found that a simplified dynamic-response analysis, incorporating the pretest

predicted loading for the regular reflection 'region on Shot 9 and a tentative load-prediction

scheme applicable to the precursor region on Shot 10, provided an adequate estimate of the

damage sustained by the bridge in these two shots. While there is sufficient uncertainty in the

assumptions of the response analysis to invalidate this agreement as a check on the essential

accuracy of the load-prediction methods, confidence in the utilization of e."(isting methods for

damage-prediction estimates of open-frame structures is certainly increased as a result of

this test.

No conclusions regarding the principal objectives of the test are possible from the sensor- \ (

bar data as reported. The best available data ' mlC pressures at the distanc.,\..->

•

. ge truss members indicate a value of a r Shot 10, compared .... lth abo )~).
Shot 9. Even with the shorter duration not because of the smaller yield, t e n- ~ <..'

ed pressure is sufficient to account for the difference in deformation observed i:l the

bridge truss in the t\l,'O tests. It can be concluded that Lhe deformations obsened are consistent

with the forces.

Surricient redundanc:-' should be provided in the planning: of instrumentation for fi~ld experi

ments to permit Lhe interpretation of data obtained fro:n the tests, even ',,'hen parts of Lhe data

are missing.

B,3.5 Project 3.5:

Agency:

Report Title:

Project Officer:

Tests of Wall and Roof PJ..flels

Air Materiel Command

Tests on the Respo:lse of Wall and Roof Panels and the Transmission

of Load to Supporting Structure, WT -72-1

B. J. O'Brien

The general objective of this experiment \I,'as to determine the load transmitted to building

frames through various common types of panel lI.'all and roof construction. Other objectlvcs

concerned the determination of modes of failure of common t:1"'pes of wall and roof construction,
and the changes In magnitude and type of loading on the various parts of a structure as aJfected

by the failure sequence o( parts of dU(erent stren~.

Reinforced-concrete test cells ,,"'ere built to support the lI.'all and roof panels. A vie ..... of
some t;"picat roof panels Is shown in Fig. B.7. Each of 10 test walls measured 8 ft, 9 in. high by

13 ft, 9 in ...... Ide and ..... as supported In a channel frame attached to sensor bars to measure the

load transmitted to the supports. Each of the seven test roofs measured approxImately 29 ft

long by 14 ft wide. The cells supporting the roofs had openings in front and rear of aoout 16

per cent of theIr frontal area. A desc rlption of each of the types of wall and roof panels Is con

tained In Tables B.1 and B.2. The 3.5c wall panels are shown in Fig. B.8.
Instrumentation consisted of 2t pressure measurements primarily on inside surface of

roofs, 69 strain-gage channels to mea~lUre loading transmittcd by the roof and wall panels 10

the supports, time-of-break gages on four roof panels, and motion-piclure photography.
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Groups of lesl cells ""'ere looled al 6700 (l, 4500 fl, and 2200 Il, lo givc d:ll:l :It l ree

sure le·.. els, Bec:I',.Jsc n'~J.rly all ilems l:tiled in Shot 9, as inlended, no instrumenl:llion 'l.'J.S pro

vidd for Shot 10.

The descri;Jtion of \h·~ lcst items; the o':erprcss'J~e levels recorded, :lnd ;1 brief sumnlarj'

of tne c:lmage resulting from lhe test are summ3.rlcd in Tables D. J and D.2.

The results ollhis lest should be vie""ed wllh c..::\\;Uon as lndic:ltivc of Gener:l! trends (or

olhc, sizes of p:lncl or tl?e of sU;J;Jorting s~,uclure. In parllcul:>.r, lhe b,ICk w:llis ;\Cl,::u more

or less as a,ches, a,"1d e'''e,n aIle, i,".ilia! {al!'J,e occcred in lh'~ [Janel thc!' h.'1cJ :l consiclcr:>.lJlc

reSiS[3ncc. Such:l rCSISl:l:lce might nOl be r.1oblli7.cC in;ln aclu:\l buildin:;.
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Even though a wall fails structurally quite early In the loading perIod, the debris may Uie
a relatively long period of Ume to clear from the opening. In such cases, the peak forces a.nd
their dynamic effects in the interior of the building are expected to be considerably lower th"an
if the wall debris had cleared away more rapIdly. The effect of wall debris may therefore be

of considerably greater importance than had been pre\;ously anticipated In reducing the loading
on interior equipment, downstream walls, columns, and trusswork.

Early structural failure of the roof does not necessarily Imply that interior pressures are
altered quickly from what would occur with no roof failure, at least for the geometries con
sidered. In fact, for the six Instrumented roof panels It appears that roofing was removed by

the blast too slowly to have a large effect at any time on the Interior pressures.
The effect of purlins on pressures on the undersides of roofs are probably confined to

areas closer to the purlins than about one purlin height..The effects of longitudinal lrusBwork
on pressure are also Indicated to be small. In fact, the later (pseudo steady-state) pressures
On the undersides of all roof shapes which were tested appear to be unaffected by the geometric
differences between these roofs, inclUding pitched and arched shapes.

Comparison of measured pressures with predicted loadings on the rools tested indicates
that the predictions are fair to good in most respects lor the M::Ich reflection region but are
poor in certain respects for the regular reflection region.

The masonry and reinforced-concrete panels appe1red to fail as two-w::ly slabs. The test
results seem to support an arching-action theory. The lightweight "'::111 and roof covering ap
peared to fail in bending as one- ..... ay slabs.

B.3.6 Project 3.6:
Agency:
Report Title:

Project Orficer:

Tests of Railroad Equipment

U. S. Army Transportation Corps-Air Materiel CommJnd
Tests on the LOJding and Response of R.J.ilroad Equipment, WT·725
Lt Col D. G. Dow, TC, USA

The objecti\'e of this test was to study the VUlnerability of the various types of railroad
equipment tl) the blast and thermal eflects associJted "'ith an atomic explosion. The specifIC
olJjectil'es ....·ere concerned with generJl dam:lge to railroad cars, both 10:lded and empty; the
bracketing of the shock o\'erpressure causing damage; the gatherin~ 01 d:ltJ relating to blast
loading, response, and dispersion criteria; and correla:lon of response .... ith damage and thermal
effecls.

Sixteen Uems of slandard TransporlJtion Corps eq:.::pment, consistin~ of se\'eral trpcs 01
boxcars, tank cars, and one diesel locomotive, ....·ere included in Shot 10. The boxC:lrs included
live empty and li\'e loaded .... ooden boxcars, ont empty steel boxcar, and t,,·o empty plY ....·ood box
cars. The tank cars included one empty ....·elded tank car and one empty riveted t:lnk Cdr. Each
piece of equipment ....·as insta.lJed on a 126-ft seClion of trJck. Loadinli consisted of sandb:1gs
stacked to a heil:;ht 01 about J II above the floor.

This equipment

..........;..~-~_':.!o ~~. - ......... _ ~ __'.d_.,....._. ...

-..,.,;~~!:~ ,..--... ,.
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B.3. ; ProjecI3.;:

Agenc~':

Report Tille:

Projeci Officer:

.a ••• ."_~~';"··a:....:.·_·;·~,

Effecliveness 01 BiaSI Balfles at Shl'iter Entrances, Air Intakes. and
Ou,llets
Office 01 the Chiel of En~i:-:eers. li. S. Army
":":. Bllsl E([ects on £nlrJ:-:ces J.nd ..;If IntJ.kes of Underground InSl..J.lll·
lions, WT - ,26
W. J, l-.latthews

The obJect:\'es of this project v;cre to obl..J.in, \.::-:der liel': conditions in an atomic blast,
d:lla on \'arious devices suilable lor use as air intake and ver.tilJtion dUClS Jnd data On the
b,ast-attenu:uin; performJnce of enlTance'.I;ays or t·.o simple designs.

,.1.1101 the elements tesled ""ere contained in t'.o indepengenlly reinforced-concrl'te cells in
a single structure. located about 2 II under Ihe surface 01 the ground. T",'o IJrge cells 18 Il by
8 It by 7 II high and six independenl plenum chambers of 3 II by 4 ft by 7 II heighl were pro
vided, 10 which ventilating ducts of various kinds led, Vario'~s \'entiIJting dUClS ""ere provided
..... ith protective devices at their entry 01 the follo""ing types: (I) straighl pipe ""ith T-shaped
entry. (2) straight pipe ",'ilh IBOo-bend entr~', (3) hea·.. y-duty mulner-Iype blast ballle, (4)
S"'-edish rock grille, (5) Chemical Corps lilter, and (5) Chemical Corps anti-blast closure
\·ah·e. Each large chamber ""as equipped ""ith ;;. ve:-:tilaling blo·.·er protected ....·ith a S....·edish
rock grille in one chamber and a T-shaped entry in the olher. The exluust vent in the chamber
..... ilh Ihe Sv.. edish rock grille ....·as also protected ....·ith an anti-blast valve. The entrywJ.y to one
chamber ..... as the T-section Iype and on the other Ihe entry·.-ay "'-as protected ....-ith blast-arrest
in~ details in the form of right-angle bends. Thirt:;-Iour channels of air pressure measure
ments ....'ere prOVided lor both Shots 9 and 10. The l'!st chamber in process of construction is
sho ....·n in Fig. B.9.

The ran~e of the structure lor Shot 9 '~'as 953 I;. and the o·.-crpressure recorded ....·as ap
proxirnJtel~' 20 psi. The ran~(' lor Shot 10 '.'as 75) !: and the o'.-erpr~ss~re recorded ""as con
siderably in e.~cess of the expected value, reaChing a;J;Jroxlmately 110 psi or mere,
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Complete records were obtained on Shot 9 for all of the vents and the entryways. In Shot

10 only six pt'essure-time records were obtained. The results of Shot 10 were of particular in

terest because of the failure which occurred in the roof of the structure in one lar~e cell· of the

test shelter. This roof had been designed (or a pressure of 60 psi, with design values that cor

responded to a factor of safety of slightly less than two. The conditions of failure were some

wh:lt unusual, in that only the roof over one cell failed, apparently primarily in shear, and the

other showed no important deformation.
Practically all of the ventil:lting-duct devices lengthened the rise time of the pressures in

their plenum chambers and in some cases reduced the peak press.ures greatly. In general, the

pressures measured in the ducts were in agreement with analyses developed.

Both entryways showed indications of peak pressures, reached early in the shot, of magni

tudes nearly twice the incident overpressure level. AIter some clearing time of apprOximately

to 1. 5 times the pel"iod for the shock to travel through the entranceway to the fa rthest point Jnd

back out again, the pressures in the entrancew:ly pass:l~es appcared to be practically the samc

as thos~ outside the structul"C~ in the,general shock region.

B.3.8 Project 3.8:

Agency:

Report Title:

Project Officer:

Effccts of Air Blast on Buried Structures

Office of the Chief of Engineers, U. S. Army
Ail' BLlst Effects on Undeq;round Structures, WT-727

W. J. Matthews

Tile general objecti\'e of this program was to obtain some of the necessary basic data from
which to develop criteria for the economical and efficient design of underground protection

from air blast forces. The specific objectives were: (1) to investigate the nature of the forces

lransmined from an air burst of an atomic bomb through the earth to underground structures;

(2) 10 determine the variation of these forces with the depth of transmission through the earth

and with the flexibility of the structural clements subjected to the forces; and (3) to study the

response of simple structural elements of different stiffnesses subjected to the transmitted

dynamic forces.
The structures subjected to tesl were primarily reinforced-concrete boxes havinl; a larl;e

nurnb~r of simply supported steel-beam strips forming their roofs. Three identic:l.1 reinforced

CUI\CI'~te celb were desi!-:ned to support roof structures ;It three deptlis of uurial: 1ft, 4 ft, and

8 fl. 'Each of tlie structures had :l. number of individual ueam strips, with three or foul' strips

of each of three different del:rees of fle.\:ibilit)'. All of the beam strips h:l.d a span of 8 ft :lnd

wen' composed of two closely spaced I-beams welded to a common 'I1-in. steel coverplatc. One

set of uearn strips for each depth was designed to develop plastic str:lins even for low pres

sures; another set was intended to develop plastic strains at relatively hibh ol'erpressures;
alld a {hiI'd set Il.":lS designed to' remain in the elastic r:lnge even for very h'ibh overpressures.

Th~ test beJms were instl'umented with str:l.in, deflection, and earth pressure gages on the

central beJIll of each group. Air pressure measurements were also recorded both inside and

outside the structurt'. A tot:l! of 99 ch:lnnels of information were operated. Placlnl; of earth

cover :lnd -b:lckfill Il.":lS carcIully controll~d. Physic:lI properties of the test beam strips were

measured on control specimens and on duplicates of the strips tested in the labor:ltory. A view

of :I test ch:lmber :lnd of individual beJIll strips is gil'en in Fig-. 13.10.
The structures were located in a group at approxim:llely 1425 ft from the actual Ground

Zao of Shot 9 (prtssure level, al>out 1S psi) and at about 900 ft from lhe actual Ground Zero

of SIIl)[ 10 (pressure level, about 63 psi).

No dam;]ge or perm:l.nent deformation W:lS expected in Shot 9 :lnd none was observed. The

pressures obtained in Uds shot, because of the- bombinl; error, were considerably smaller than

expected and the records outained prOVided only qualitative information in most cases. In Shot

10, the pressures were of about the order of m:l.l;nitude expected in the desi\;n ....·ilh a definite

precursor pulse. Only small permanent deflections were o,bt:lined in the test, althoug-h the

transient ddlections were of an order of magnitude suffici~nt to give appreciaule readings.

In well-compacted silty subsoil of the type at the 1(:,;1 site~ there is no effective attenuation'

of a pressure pulse applied at the surface with depth tlirou~1i the subsoil under the followin[;

165

"

/1 -~



conditions: (1) when the pressure is transmitted to a structure in the soil; (2) when the struc

ture is buried at a depth not more than the span of the structure, and (3) if the deflections are

less tllan 0.5 per cent of the span. Tile tnnsient, JS well JS the permanent, strains and defor

mations of the beam strips were of JbOul the same order of mJljnitude at all three depths of

uuri:J.l. Apparently the dyn:J.mic archin~ phenomenon is ne~li~ible unless the deflections are

l:J.rt-:'~ or the dl'pth of cover is b:r12ater th:ln the span; the beneficial effect of Jdded cover under

thl'S12 circumstances is prim:J.rily due to the added mass of such :J. cover. Allhouljh attenuation

of pressure with depth was noted in free earth meJsurcments in this project and in Project 1.4,

there was no indic:llion on the structures of such Jltenu:J.tion, either from pressure meJ.sure

ments, reactiun me:lsurements, or deflections and strains.

For undt:q,rouncl structures h:lvin~ a net density less th:ln that of the displ:J.Cl'd soil, the

oVL'r:J.1I :J.ccl~ler:J.tions of the structure :lCl to reduce the influence of the pressures applied to the

top. However, this influence is not l:lq;e.

The' l:lter:ll pr~ssures exerted on vertical f:lcCS of :l buried structure, compared wilh the

pI'essures :J.jlpJied at the top surface, are quite small in the subsoil at the Nevad:J. Provin!,;"

GI'(Julld,-;.

Till' pressures exerted upll':J.rd on the base and floor sl:J.b of buried structures arc I'cry

ne:lrly of tile s:ime n1:J.gnilude :IS the down'~'Jrd pressures on the ~round surf:J.ce.

13.3.9 Proj,'cl 3.9:

.~~Llncy:

Report Title:

Prujecl Orflcl'T:

Dl'siljn :lnd Loc:J.tion of Field Fortific:J.tions

Engineer ReseJrch and Del'elopment L:J.bor:J.[ory

Field Fortifications, WT-72B

C:lPI V. S. Adkins, USA

The test IlJd fOlll" objective:.:: (1) to obtain evidence supportin(; J detJiled qU:llilative dis

cussiull uf :Ilumic err..:cls 011 field rortirications with ovel'he:ld cover :lnd revetment; (2) to mJke

:J.ir-pressure nle'asuremeills inside v:lrious fOl'lific:llions :lnd compare them with lhe air pres

sures in the Op!;,11 :l.l ~ruulld level; (3) to mJke me:\suremenls of the reflected therm:ll r:ldiation

witllin opell two-man fuxhules and detL'rmine :l method of scali!lg to J rJnb'e of possible situ:l

tions; :\110 (-1) lO d,'lerminc the dl:pendellc~ or (;:Imm:l radi:ltion me:lsurernellts UpOll tile :lnb'\Jl:lr

orielltalioll of fillll b:J.db~s inside In open t .... o-man foxhole.

To stud~' LJI:lst efrects, v:lrious types of covers, reVelml!nlS, and reinforcements ..... ere
added 10 sl=\nd:lrd comllund posts, two-m:ln roxholes, and nl:lChlne ~un positions (sec Fib' 0.11),

whi"'l wcre' SilU:lt('d:J.t llirL'e different pOSitions (500,1500, :lnd ,IGOO ft rrom pl:ullled Ground

Zero). JI1l1L'ntcl' pressurL' ~:q;es wer12 uscd to obt:lin pressurc nlcaSurelllents within tlie !;'III

p!:l.celll~lIls. Presllot :J./:d pnslSllol pltoto~r:lrliy W:lS :llsu enlpluyed. Results indicJte tll:lt f:lil
ure LJl'~:11l In llll' t'Ul'er-SUPP0rlill~ tlllluers:1t B psi. Almost 1\0 LJilun:s occurrcd in rL'\'cl

nlenlS up to 20 psi. COI'!;'rs on elllpL.lcements must be well :lnr.hored :lnd very-stron!::, or

[lL'xlule, to wltllstand prcssures ill tile 20-psi rebion. Conve'ntlon:Li sJndb:l~s ;Ire unsJlisf:H'

lory for enlr:lllCC rel'etmclllS subjel·ted to an atomic c:'([1losion, since they catch on fi re :\Ild

spill their cOlllcnl,; udore till' bl:lSI arrives.

For uverprcssure multiplication, five t ..... o-man foxholes, t ..... o Jt 4100 ft Jnd three Jt 7000

ft, were instrumented with Wi:lncko pressure-lime gages, self-recordin(; scratCh-type pres

sure-time ~ages, and indenter pressure gages. The results show that pressures inside fo;'(

hol~s can reach values :IS hi!::h JS twice the peJk pressure at ground level, and that the Jddi

tion of covers to emplacements C:ln e[(ectively reduce pressure buildup inside foxholes to any

desired extent. Results of Project 3.7 provide corollary informJlion on this subject.

To determine thermal reflection, J series or 22 two-mJn foxholes lined with Jluminum

sheetin!,;" and oriented at nrious :lnljles in the ground ....'as exposed to Shots 9 Jnd 10. The alu

minum shl'l'tin[; was deslbned to :l!"l as :l dirfuse reflcclor (see Fib' 0.12). £:lch foxhole WJS

lilll·d witll :J.n arLlY of pJssive indicators to measure thermal enerb,)' for each orient:ltion Jlld

ill v;\rious jl0siliolls witllin tlie foxhol12s. CJlorilllelers were elllployed:ls a clieck on 1I1l' pJssive

indlr.:LlOrs. 13~' representin~ [):lssive-indicJtor reaction eneq;y as :l fraction of direct thermal

('ner!::.\·, preclil'tiulls IlI:J.y be 1l1:1de :ll all)' [Joint in a roxhole for In)' conditIon of bantLJ yield,

hL'q,ilt of liurst, dist:\IlL'c fronl Ground Zero, Jlld soil reflecl:.Ir1ce. For aluminum-lined rox-
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holes, the results indicate that thermal energies up to 40 per cent of the incident energies

may be present at 1 ft from the top of the foxhole, with a rapid decrease to 10 per cent or less

as the depth is increased to 3 ft. Since reflectance of most soils is considerably less than that

of aluminum, the percentage of the incident energ-ies present in the foxholes under actual con
ditions will be much less than the above figures. Comparisons of aluminum and Soil reflecLJ,nce
are presented in the project report.

In the absence of any theoretical basis for the performance of field fortifications, extreme
caution should be used in applying- the specific results of these tests to situations involving sub

stantially different yields or heights of burst.

8.3.10 Project 3.11:

A{::ency:
Report Ti tie:
Project Officer:

Protective Measures for Existing- ConstructionJI Lib:IH Steel Frame

Structures

Bureau of Yards Jnd Docks, USN
N:lVy Structures, WT-729
LTJG P. J. McEleney, USN

The objeccives of this e:o.-pel"iment were to determine the bla,;1 rcsistance inhcrent in a
standard steel-frame warehouse of a type proposed (or Navy usc and to delermine the practi

cJbiliey of obtaining a greater blJst resistance through closer sp:lcing'of st;Jndard compunenls.

The overall dimensions of the structures were -10 fl by 100 fl in pl:ln, 14 fl to the eJVL', and

19 it, G in. to the ridge. Two structures ..... ere tested, aile with t ..... ice as man}' framinl:: nlenl~rs

(bents, purlins, and ~irls) as the other. The stron~er struclure, desi{::nJled 3.II-a, ....·as de
si~ned to resist a ISO-mph ..... ind :It In allow:lble stress of 20,000 psi. Thc weJker (st:llld;Jrdj

.struclure, 3.II-b, was designed for the cOllll.Jined effect of a 70- mph wind and 20-ps( snu ..... 10;Jd.
ThL' weaker building was place:d at a distancL' of 20,000 ft frolll Groulld :leru :llld tliL' slroll[:er al
12,000 ft, for both Shots 9 :llld 10.

Structure 3.11-a was subjected to a peak overpressure of 2.2 psi from Shot 9, and was dis
p1:lcec Sin. Jl the crown. The main frames suffered li~h[ dam:l~~ due to lJuck1inl-:' of windward
raflel·s. The sheeting- was rel:ltively undam:lged excepl ne:lr the duor, which V.·:IS complett:ly

dalllJgcd. Window ~1:lSS breJkage was complele. Purlins :lnd ~irls were ~cner:llly undama~ed.
. Structure 3.ll-b received 1.0 psi from Shot 9. The (rallles ..... ere displ:lced J 1:'2 in. :It Ihe

cro\~'n, Jnd the lee ..... ard rafters wel'e buckled. The duor of lids structure: was unly li~hlly dam

a~ed, :lnd ..... indo ..... breJk:lbe was minor in extent. Thl:' (rolll-w:tli sheetin[; suffered up 10 6 in. of

perl1l:lnent displ:J.cements. A postshot view of this structure is sllo',\'n ill FI~. B.13.

With:l strenl:thelled door :lnd dour-framing SySIL'!l1 :lllc!:l few 11Iinor modific:ltions, Struc

ture 3.11-:l could pr'olJ:lbly WilhsLlIId prL'ssurL' levels up 10 2.2 psi \\ ilh ollly li[;ht dallla~(' and

be completely serviceable as ~ warehouse after the UI:ISI with only millor I·epairs. With simi

l:lr modifications, Structure 3.11-b could prolJably resisl a 1.0-psi overprc:;sure ..... ith only

minor d:lmabe resulting.

8.3.11 Project 3.12:

Agency:
Report Ti tie:
Project Officer:

Protective /lle:lsures for Exislin~ CunstructiulI; External Protective

Measures
Bureau of Yards and Docks, USN
Navy Structures, \\'T-729

LTJG P. J. McEleney, USN

The objective of this project was to test tile effectiveness of protectinb a brick, bearing
wall, timber-decked structure wilh precast reinforced-concrete panels. A secundary objective

was to test dynJmically isolated panels mounted flush with the ground surface in speciJlly con
structed foundations.

The brick structure 10 be protected ..... :lS ·14 ft by 21 fl, 4 in. in plan :lnd 11 ft, Gill. hl[;h.
The I'oof consisted of 3 lJy 12 j'Jists at 16 in. Oil centers spannill~ the short direction wilh I-in.
dial:0llal timber stleL'tinl;. The brick walls were 12 in. thic.:k. The panels used tu cover the roof
wcre auuut 10 ft, 8 ill ...... ide :llld sp;Jllned the short directlOn. The panels c.:unsisted of a 2-i11.
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slab with 12-in. edge beams and a 12-in. center beam with 6-in. sub-beams parallel to the short

side :It 3 ft, 4 in. on centers. W:l11 p:lnels had 8-in. edl;e beams with 6-in. sub-beams. All wall
p:lncls were 1J ft in heil;ht :lnd were o( (our different widths. The panels were connected to (he

roof-fral11in~ system and the urick walls by means o( bolls, and were connected to each other

~nd the curbint; by welded splice plates. Slru(;ture 3,12 is shown in Fil;. 8.J-I.

The secondar}' tcst p:lnels (3.12-b :lnd 3.12-c) were 5 ft by 20 ft and 10 It by 20 ft in over

all dimensions, and had 8-in. edl;e beams. These panels were mounted in pairs, one of each
sizc, in founc1:Itions designed to reccive them flush with the I;round surfacc. The panels were

connected at the ends to the foundRtion by means of welded splice platcs, I.>ut were free to de
flect independently of each other.

Two 5-ft by 20-ft p~nels (3.12-1) ..... ere tested statically at the U. S. Navy Civil Engineerinl;

Research and Evaluation Laburatory, Port Hueneme, Calffornia. In this test the yield rcsis

tanc~' ..... :IS alJuut 1.5 PSI :ll about 3-irl. dcfl('clion, and the ultimate strenl;th was about 2,5 psi.

TIll' 3.12-a Slruclure \\'a:; exposed tl) :111 o\'crprl:ssuJ'c of 0.4 psi frolll Shut 9 i1t a distance

of 4900 ft f I'urn '3J"lI\1nd Z L' ru.

The panels of 3. J2-b wen:, subjected to an o\'erpressure of 3.4 psi from Shot 9, while the

3.12-c panels received 2.5 psi from the same shot. The 3.12-c panels were retested in Shot 10
in the pre(;ursor region ~t a ranc:e where the overpressure was 8.1 psi.

1'11(' panels o( 3.12-a were sli~hl1y d:lmap;ed. ",ith a rna.ximunl permanent deflection of 0.14

ft in thL' ro~f. However, th'e panl:! ddlcctions were lar'ge enough to produce failure in about 30
))('r LVIII llf th" joists. The IJrick walls were relatively undamal;ed, with only minor crackilll; of

tilL' frunt w:.l1I I'esullin~ (rom the deflectioll of the (rUlli-wail pallels.

The' jJJ.ne'ls of 3.J2-b alld 3.J2-c were deflecled permanently about 5 in. and 3 in,. respec

tiv,'l)'. Thl' correspondin:; rn:1ximum transient deflections were ruu!:"hly 8 in. alld 6 in. The dam

:l~e "';IS (;lillflned to the edge be:.lms, with minor crackin!:" in the suo-beams.

The 3.12-c panels tested in Shot 10 were placed directly against the f:round in such a man

11('1' th:ll lhe l11ain and suo-oeams could nol deflect. The ed!:"e:; were seale:d with earth to pre

vellt pressure :lpplic:lliun on the underside' of the sl:lo. These p~nels ",ere lifted oodily and

transpurled 130 ft and 25 fl, respectively, by the u1Jst in the precursor ref:ion.

The' jJreCISl p~ne'ls l11:1y h:ll'e pedorrncd the task assif:ned to thel11; viz., proleclion of the

lJrid, slrur.lure a~ai/lst IJ!:lst dfccls :lSSuci:lIL'd wilh:l G,~-psi overprL'ssurL'. Hu\\"('\'(' I' , it is nOI

possiLJk lo c!cicrmi?,c the efficiency of this method of pruteclln~ Ihe ~iven structure fr'onl this

ICSI ajolle" since' IIle unprt1t~'cled strellgth oj the struclure is unknown.

8.3.12 P r oj e c I 3, 13:l :l nd 3. J 3lJ;

·.I,f~L'IICr:

neporl Title:

Project Officer:

Precast G:lole Shelters

Bureau of Yards and Docks, USN

1\:11')' Structures, \\'1'·729

LTJG P. J. McEler.cy, US?"

The prim:lry oojective of this experiment was 10 dctermille thl.! structural ::J.dequacy of ::J.

prec:ls( shelter inlended for use :It NJl'al shore est~blishmellts. SccundJry oojectives were to

lest the dfeLtivcness of :l pressuriz:ltion systC'm, to verify the \':llidilr of a method of dyn:lmic

structural allalysis developed by BuDucks, and 10 check tIl(: reductioll of radiation intensity of

fered by these structures.

These str'uctures wer~ personnel shelters designed to accommodate JOO persons. Interior

dimellsions were 22 It oy 48 ft in "plall and 13 1
,'1 fl high, The buildin!:"s, one of which is shown in

Fi{;. D.15, were divided into tllree cunlpJrlnlents by pre(;ast concrete p:lrtitions.

Structure 3.13-a had 3 ft of e:lrtlJ cover for Shot 9 :lnd no cover in Shot 10. Entry was pro

vided through :l T-shaped tunnel lined with a corru~att!d-n1etal pl;e. Structurl: 3,13-0 W::J.S iden
tical with 3.13-a except no cover was provided, and Ule door was protected by a blast wall.

V~rious types of instrunlentalion were provided (0 me:lsure transien( effects, such as air

jln'ssur·e [;:lgcs, C:lrlll-pn';;sure b:l~eS, :lnd ddlection [;:q;cs.

J68



"

· .··.4 .._ -----,-- . __ . _0_. _ ..

These structures were located as follows:

Shot 9 Shot 10

Dist::lIlce from Peak Side-on Distance (rom Peak Side-on
Structure Actual GZ (et) Pressure (psi) Actual GZ (ft) Pressure (psi)

3'.13 -J 2700 10.8 2300 8.2
3.13-b 4900 6.2 4900 3.7

for the structure with 3 (t of cover, the natural frequency of vibration mcasured frum a

vertical pull test was 12 cps.

The overpressure level WJS 10.8 psi at the 10cJtion o( Structure 3.1.3-a for Shot 9. The

structure itself I"emained essentially elastic at this level o( pressuI·e.

ThL' air pl"eSSUre measured at the sU.'(ace of tlw earth cover ncar the crown was apfJroxi

mJtely 12 psi on the windward side and approximately 8 psi on the leeward side. Ncar the door

in the tunnel entrance, a pressure of about 8 psi was measured.

The earth-pressure gages placed at lhe structure-earth interface g-ave the (ollowing- re

sults. On the windward side o( the building, the pressures were lJetween 13 and 20 psi, except

for an unreasonalJly low value o( 5 psi recorded at the lop o( the neJrly vertiCJI let..:. 011 tlie
leeward sioe o( tlie bUildin~ thc pressures ranged between 5 :lIld H psi.

The deflection l'a!::es indicJteo thJt the crown of the structure moved down :lIId the hJunches

moved uut whell the dynJnlic load was applied. The airlock was dt!stroyed by the blJst, and thl'

interior partition was slightly damaged.

Structure 3.13-b was located in a 6.4-psi overpressure rang-c. The (rame was essentially

undamaged. lY1inor cracking ..... as observed in the end panels, but the interior partitions were

heavily dam::ll~ed owin~ to the blast entering through the ventilation openings.

For ShOl 10"the uncovered Structure 3.13-a was at the 8.2-psi r:1n:::e. Air pressure nleas
ureo 011 the peripht'ry o( the structure varied between 5 and 7 fJsi except (or a re:lding of 15 psi

at JlJout the mid-height on the windw:lrd side. Tile values olJtained on tile ..... indw:lrd sid~ ncar

lhe tLl~ and crown were unri:;lson:llJly Ill\\'. D:lma~c inflictcd On the structure by tile air blast
W:lS ·unimporl:lnt. There W:lS a sliljht permanellt deflection :It the crown of O.J in. up Jnd :I gell

eral lee\\,al'o motion of 0.2 in. The cr:lcks in the pallels :lnd rillS ...·ere (ound \\'idened. The

strllClure was puncturcd by :l missile which resulted in:l lar(;c hole ill'a jJ:1I1Cl.

Il is concluded IhJt this lJuildinfj is siructur:llly sa.fe for the overpressures indicatcd, ,:lnd

that (,:lrth CO\'er is valuable in reoucinb missile dall1a[:c :lnd radiJtion on (hin-walled concret!.:

lJuildlnbs. Whether or not this is a prefer:llJle Iype of shelter would depend on economics,

priorities, Jnd 10l;istics at the time of conslruction. The end w:llis al'e relJtiYel~' weJker than

the sides and roof. This weakness would become even more imporlJnt if the end were Oriented

to iace Ground Zero. The ventilating system needs re-study.

B.3.13 Project J.13c:

Agency:

Report Title:

Project Officer:

Model of Bl:lst-Resista.nt Panel

BureJu of Yards Jnd Docks, US~

Navy Struclures, WT-729

LTJG P. J. McEleney, USN

This project was designed to study the action of J panel designed :IS a torsion pendulum. It

was expected that the p3nel mounted in this manner would provide time delay, as well as shock
absorption and reduction in the load tr:lns(erred to the (nme.

One panel, 3 by 6 by III (t mounted in the front (ace of a T-6 Pontoon, was tesled in both

Shots 9 and 10. The Pontoon was allchored 10 a 2- by 2- lJy 12-f[ concrete slab. The panel

framework was weloed to a 4.0-in.-OD, 3.56J-in.-ID steet'lorque tulJe positioned:lt the bottom

ed(;e o( the panel. A concentric, inner torque tube ..... :lS welded to the 4-in. tube at the mid

len~th. This inner torque tub!.: W:lS 3.5 in. OD and 2.25 in. lD for Shol 9, and 3.5 in. 00 and 275

ill. ID for Shot 10.
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The measured overpressures during Shots 9 and 10 were 10.8 psi and 8.1 psi, respectively.
The perm:lncn( deflection from Shots 9 and 10 were 1% in. and VI in., respectively. Because of
instf'umentation f:J.ilure and lacK of pressure measurements on the panel, the reduction of load

tr;lnsmitted to the frame, as effected by the torque tubes, was not determined.

8.3.14 Project 3.14:

Ae:ency:
Report Tille:
Project OIficer:

Prec:lst Warehouse
Bureau of Yards and DOCKS, USN
Navy Structures, WT-729
LTJG P. J. /vlcEleney; USN

.'

The objective of Ulis experiment was to observe the behavior of a precast warehouse simi
lar to those now being prOVided at Navy shore establishments.

ThL' Slruclure tested was quile similar in the type and arrangement of the framing to actual

w:lrchouses which :lrc larger. Sc\'en 2-spJn bents made up of hollow, prccast columns and
~irc1ers wel'e sp:lccd al 20 ft. Prec:lst concrete struts were employed between b:lys :It column
ll)t::ltions. The roof t:onsisted of precast panels approximately 10 ft by 20 ft with 8-rn. ed~e

be:lms :lnc1 6-irl. sub-beams at :lppro'Cimately 5 ft on centers. The front and !'eJr wall panels
were simi!:lr to the roof p:llJels, except th:lt the horizontal :lnd rertic:ll sub-beams wcrc 8 in.
instead of 6 in. deep. TI1C sidc wall panels were similar to the front and re:lr w:l11 p:lnels, cx
t:epl lh:ll thc horizont:ll ribs WCl'e 6 in. dcep. Thc found:ltion consisted of a continuous footing
uncll'r the 1I':llb 3 fl, 2 in, wicl<: by 1 fl, 6 in. deep and 5- by 5- by 2-ft footings under c:lch column
tied il: the lransversc dirct:tiun with 1- LJy l-f[ struts.

The slruclur" 1\':lS desif:ned for :I roof lire load of 40 psf and :I 90-mph wind. However, lhe
conllec'tions to the slaLJs :lnd rcinfllrcing steel of the bents were incre:lsed in strength above

lh:lt required by the :lnJlysis for st:ltic loads, to [Jro\'ide for blast effccts .

Fivl' prcssure ~:I~l'S :lnct lhree displJcement g-ag-t:'s were installcd to obtain dyn:lmic meas

Url'Il\CntS.

For Shot 9 thc framc was tested uncovercd with the panels laid on lhe ground with the ribs
down (sec fit:. 'l3.16). Tl1c cOlllplclC structure W:1.S tested in Sliot 10. The :lctu:l1 distance from

Ground Zero W:lS 6500 fl in (':lc'lI sl,ot. Tile ov~rrrcssurc levels werc :lbout 4.3 psi for Shot 9

:llld 1.9 psi for Sliot 10.

Tile :;kelc(on struclure exposect to Sliot 9 ',\':lS und:tm:lged. The pJncls, left lyin!,; on the

I;rounc1 with ribs down, were d:lm:lf:cct by crackin~ of sub-ribs Jnd dishin!,; of skill up to 1.5 in.

Till' l1I:lill rill:; w,'rl' uncr:lch"c1, Thc::;e ,Idui"llled panel:; wcre forccd into positillil 0" tlie: fralllcs

fur Sliot 10, :ill th:1I ,nc complL'led structure ''\':lS initially strcssed an unknown amount.

For Shot 10 the struclure IY:lS expos cd 10 In overpressurc of 1.9 psi. The fr:lme was ag:lin

und:lm:lf,:ec1, TilL' roof panels, 1I0wel'el·, wert:' almost completely destroyed, with :Ipprox.imately
50 per ccnt of tliem fallin~ to the floor ..The vertic:ll ribs of the \loall p:lnels were he:lvily

craCKed; olherwise they wcre rcl:ltively inl:lct. A pOSLshol view is shown in fig. B.17.

The lot:ll destruction of thc roof pJnels W:lS initiJted by the failure of lhe end connections

Jnd conscquent removal of end restraint, follo''\'ed by failure of the panels themselvcs near lhe
Iuc:llion wllcrc reinforcin~ steel was bcnt up.

Bccause of the premature failure of the roof panels, the structure probably did not receive

the ma:dmull\ 10Jd associ:lted with a 1.9-psi overpressure. Thus it is not possible to conclude
th;ll the Slructure is safe at th:lt overpressure when the roof panels do not fail.

B. 3.15 Projcct 3.15:

A~ency:

Hepol'l Title:
Project Officcr:

Armco Sleel Mag-azine
Bureau of Yards and DOCKS, USN
Navy Structurcs, 1,1,'1'-729
LTJG P. J. McEleney, USN

The objectives of this c"l'criment were to: (1) evaluJte the effectiveness of e:lrLh cover
al::ainSI air blast in protecting abovcground structures in gcncral, and a corrugafed-stecl-arch
ammunition l11ag:ll.ine in parlicul:lr; (2) delermine the Jdequacy of this structure for usc as a
personnel shclter; (3) g-ain information IC:ldinb toward optimum design of earth-covered struc

lures; :lnd (4) dcvelop :lnalytical methods for the prcdictlon of response of carth-covcrcd struc
tu res.
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Two structures were tested in this project. The first, designated Armco II, was tested
st:ltically at the U. S. Naval Civil Engineering Research and Evaluatlon Laboratory at Port
Hueneme. The second structure was exposed to Shots 9 and 10 with 3 ft 01 earth cover.

Structure 3.15 was a semi-circular, corrugated-steel arch (10 gage), 25 by 48 It In plan,
manulactured by the Armco Drainage and Metal Products, Inc. The semi-circular sections
were bolted at the edges to longitudinal base channels. The front and rear walls were wilt up
of corrugated panels (3 gage) bolted to curved channels which were attached to the Inner sur
face of the arch and to base angles al the foundation. A T-shaped entry made 01 Armco multi
pl~te 84-in. pipe (10 ~a~e) bolted to the front wall was provtded (see Fig. B.HI). Armco II was
~ssentiaJ Iy the same as Structure 3.15, except thJ.t 12-gage steel was used in the arch sections
instead of la-gage steel. Structure 3.15 was located 2700 ft from Ground Zero for Shot 9 and
2300 ft from Ground Zero for Shot 10.

Elaborate instrumentation was provided to measure deflecttons (with respect to ground),
strain, and earth and air pressures.

As for Structure 3.13-a, elaborate pull and drop tests were performed· on both of these
structures. For Structure 3.15, the horizontal and vertical pull tests were performed for no
cover, 0, 1, 2, and 3 ft of earth over crown, and 30 days after the test, again for the 3-ft-cover
case. At this time, the drop test was conducted by dropping a 1500-1b clamshell On the crown.
For the case of no cover, the vertical pull test indicated that the natural frequency q( the struc
ture was about 6.7 cps.

Similar tests were conducted on Armco n at Port Hueneme. There, earth cover over
crown up to 5 ft was used. For the case of no cover, the natural frequency of the syslem ob
tained by the vertical pull test was about 6.25 cps. For the case of 3 (t o( earth cover, the fre
quency was down slightly to 6.15 cps. The complete results of these tests are reported In;
J. R. Allgood, Static (lnd DYI/(lmic Studies oj Thr'ce PusolIl/cl Sltellas, NAVCERELAB Techni
cal Note N-159.

Structure 3.15 was exposed to an overpressure of 10.8 psi In Shot 9. AIr pressure meas
ured on the windward incline was about 18 psi and about 12 psI at the crown. In the tunnel en
trance ncar the door, spikes in the pressure record of about 11 psi were measured. The earth
pressures were generally between 10 and 20 psi on the arch, with a low of 2 psi near the lee
ward buttom edge. The maximum pressure was recorded near the crown on the leeward side.
The leeward deflection of the arch is assumed to be responsible (or this high pressure.

The major structural response for this shot was essentially elastic. The door was ripped
orr and hurled about 30 It Into the structure. This might account (or the relatively 10......pres
sure in the entry. The entrance bulkhead was deformed and the bulkhead-co-tullnel connection
fai led. There is evidence that during the (irst 50 lo 100 msec the windward (oundation settled
about 1. 2 in. Some slippage al~ng the laps 01 the corrugated sheet metal was noticed.

For Shot 10, the structure ..... as located in the 8.1-psi overpressure range. The earth pres
sure over the front hJlf of the structure was approximately 8 psi. Records from the gages In
the leeward side were lost. The air pressure in the tunnel entrance near the door was only 4.5
psi. The door, which was redesigned alter the (allure thJ.t occurred In Shot 9, proved 6aUs(ac
tory. Unfortunately, deflection records were not obtained (or Shot 10. The structure remained
essentially elastic.

The end wall without entrance sustained serious deflection and probably represents the
weakest component o( the structure.

Except for the fJilure of the door in Shot 9, the structure remained operational and pro
vided protection.

B.3.16 Project 3.16:
Agency:
Report Title:
Project Officer;

Tests of GlaZing and Window Construction
Bureau of Yards and DockE, USN
Navy Structures, WT-729
LTJG P. J. McEleney, USN

The objectives of this project were: to determlne the comparative resistance to blast o(
different types o( windOW design, glaZing, screens, Inside curtains, and outside shields; and to
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develop a window design with improved re.sisunce or one that will swing open wlthoul damage
when struck by blast.

The test items were 10cJ.ted in three identical wooden structures at three ranges in Shot 9.

The closest building was reg-lazed and tested in Shot 10. Each building contained a skylight and

seven cubicles approxim:1tely 8 by 8 by 10 ft, three of which were pJ.rtitioned to Isolate parti

ally the rear windows from the front windows. The buJldings were anchored to deadmen by

cables to provide restraint agJ.inst blast loading and were painted with flre"reurdant paint.

Glazing included: tempered safety glass, Yl-In. plate glass, ~u-in. window glass, double
strength wire glass, and doubte glass; Y~-in., ~u-in., and ~-in. plastic; and corrugated-wire
glass. Windows were of double-hung, inswinging-casement, arChitectural-projected, pivoted,
and inswinging hopper-vent types. J:J.iousies were installed on the exterior of some Windows,

while venetian blinds and curtJ.ins of different materiJ.ls were hung inside. Instrumentatiun

consisted of ordinary and high speed motion picture photography.

These structures were located as follows:

Shot 9 Shot 10

Distance from Pea~.;: Side-on Distance from Peak Side -on

Structure Actual GZ (ft) Pressure (psi) Actual GZ (ft) Pressure (psi)

3 .16~ 7,600 3.3 7600 1.5
3.16b 12,500 1.5
3.16c 20,000 0.5

The structures themselves were undamaged When subjected to the blast from Shots 9 and
10, except for some loosened cables and slight scorching (sec Fil::. 8.19). No convenient sum
mary of the dam:ll;e to the glazinb J.nd other elements can be given here because of the \'ery
larl;e number and difference in character of the test items. Detailed Informatlon regarding
the performance of the test items must be obt:\ined from the p.oject report.

Thl' l'l'SU!ts uf vt::ry-bl'o:,d t"lJmp:J"isons ~nd e\'~lu:,lion of the test dJ.t:l are presented below
as conclusions.

l. Of allb!azing- rn:lterials tested, I'l-in. plastic and tempered glass offer the greatest re

sistance to blast when mounted in fixed, unprotected sash.

2. Jalousies nlUunted on the outside of windo'~'s g-ive some protection, allhoug;h some of the
blast passes through ule sl:lts and dam:lges the wineow without permanently deforminl:: the
j:llousie.

3. The I...~-in. wire mesh (liardw~l'e cloth) offered the LJesl interior protection for stoppinl;

flyin b g;lass fragments. Heavy curtains mJdc of toug;h fibers like cotton or wool may prove
more effectivl' in stopping fral;rnents than fabrics made of gla;;s fibers.

4. The ad\'antages of inswinging sJ.sh were not definitel>' determined, although this type of

sash seems to prevenl glass bl'eakag-e under certain conditions.

8.3.17 Project 3.18:
Agency:
Report Title:
Project Officer:

Minefield Clearance

Enl::ineer ReseJ.rch and Development Laboratory
Minefield Clearance, WT-730
Capt V. S. Adkins, USA

The general objective of this project was to study the detona~ion of pressure-activated land
mines caused by the blast frum atomic weapons. Specific objectives were: (1) to determine the

applicabUity of the standard Universal indicator-mint: probability constants to live mines; (2)
to study the effect of sympathetic detonation of live mines; (3) to supplement the present Knowl

edbe of the effect of depth of burial on detonation; and (4) to correlate the actual mine-dcton:\
tion patterns with the basic blast parameters.

Two thousand UniversJI indicator mines and 1200 live mines' (the M6-antitank, lllC M15
antitank, and the M14-antipersonnel mines) ....·ere exposed to Shot 10 in various special patterns
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extending out to 2700 ft from the intended Ground Zero. The antit,1nk and indicator mines were

buried at the following depths: 0, i, 3, 6, 9, and 15 in. The antipersonnel mines were placed
flush with the ground surface. The test area consisted of a strip 620 fl wide and 2100 [t long

extending radially 600 ft [rom the intended Ground Zero. The indicator mines were placed In
panels along the entire length of the field beside the live mine panels 90 that the indicator-mine
readings and live-mine detonations could be correlated. To study the effect of sympalhetic det
onation, M6 mines were placed at a conventional spacing of 18 (I and a depth of burial o( 1 in.
in a belt extending almost the entire length o[ the field. To study the effect of the superposition
o( the pressure waves due to the long-duration air blast and the detonation of the mines, several

rosette patterns consisting o[ single M6 mines surrounded by indicator mines at various radii

were also tested.
As a result of this test, all antitank mines detonated out to a distance o[ approximJ.tely 1300

[t (rom actual Ground Zero. At rouglily 1540 ft, all antitank mines buried at depths up to 6 in.

detonated, while 40 to 80 per:cent of the mines at the 9-in. depth and only 20 to 60 per cent of
the mines :1.l the IS-in. depth detonated at this range. At the next ranl;e, rou6hly 1790 ft, 20 per
cent o( tI_~ 1\16 mines at tlie 15-in. depth delonated, while none of the other M6 mines exploded.
On the other hand, about haU o[ the M1S mines at O-in. and i-in. depths detonated, with all
others unexploded. No detonations occurred in the next panels at 2030 [t and the subsequent
panels. One hundred per cent of the antipersonnel mines detonaled out to 1645 fl, uut at the

ne ...;t panel at 1900 ft, only 3 per cent of the mines deton:lted.
The indicalor-mine reJ.dings did not correlate with actual incidence of detonation on the

basis of calibration constants obtained from high-explosive (HE) tests. For example, for the M5

mines at j -in. depths, the indicJIOr mine results using HE-calibration constants would predict
lOO per cent detonations at about 1100 !t, while the actual distance for 100 per cent detonation

was about 1540 ft. The corresponding distances [or 0 per cent detonJtion were I'uu\;hly 1400 [t

and j 800 ft.
The indicator mines also showed that out to about i300 ft the response o( all mines was es

senlially the same, except for the mines at IS-in. depths, which respundeclles,,; i.c. tile ddlec

lion oi the pressure plale was less. Beyond 1300 [t tile response of the indic:llors :It 6 in.

seemed to be greatest.
The r-t6 mines pl:lced in the continuous bell suffered incidence of delon:ltlon hi~her than

thai ':It corr~spondinl; distances in the isolated panels, lhus indic;.ltin:;; tllat sympathetic deton:!

tiuns did occur. In b:encral, tllC ran~e for :l ~iven pCI"CCrll:q;:e of detonatiun W:lS eXlt.:ndL,j about

200 ft beyond that I;iven by the isolated panels.
The rise limes of the pressure on the mines were very lont: comp:ll'ed to the l'espo:1sc

tirues of the mines assumin\; :l11 iml1lovable base; thus the lIlin~s probably fell ess~lItiall)" a
stalic load. Correlation o( incidence of delonation with known static behavior of mines is very

l;ood. Assuming static behavior, the pressures in.ferred [roll1 the indicator mine results com

pare favorably witll measurl.?d pressures at the I;round surface.

The indicator mine constants determined [rom HE tests cannot be used directly for nuclear

bursts unless response characteristics of the live mines are very similar to those of the indi
cators. However, mathematical models can be used j"n conjunction with expected pressure func
tions to predict" minefield clearance with good accuracy for many types o( mines.

There will be a considerable decrease in mine response with increasing depth when the in

cident pressure w'ave has a sharp front and short duration; however, this condition occurs in
regions of very hil;h pressures so that blast-vulnerable mines like the M6 and MIS will be

cleared, even when buried 15 in. below ground surface. In. regions w'here the rise time is slow,

no significant difference should be found with depths of burial down to 6 in., but a [:radual re
duction in response at deeper buri:ll depths should occur. In the region whcre thc incident wave
is a sharp shock of long duration, the reduction in mine response with increasin\; d~plhs of
burial will be considerably less than in the shorl-dur:ltion case. This rej;ion is usually a re
gion o( low pressure so that mines may not be affected, i.e., this occurs beyond the precursor.

The radius of detonation of mines in convenlional minefield (l:llterns will lJe increascd by

sl'TIlpathetic detonation. The effect o( tlte increased detonation can be predictcd with fair accu
racy for a given mine at a given spacinj; by superimposing the blast W:lve from the mine upon
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the nuclear blast wave and calculating the response on a spring model of tile mine.
The cle:lrance of pressure-activated mines can be determined with very good accuracy

from the statit-response characteristics of the mines and the expected incident pressure

wave:;. In precursor regions the pressures required to detonate mines will be lhe stalic pres

sures (J.bout 13 psi for M6 and M15 antilai1k mines, and about 11 psi for the M14 antipersonnel

mines l. In re~ions of long-duration pressure waves and sharp shock fronts, the required deto

n:ltion pressures will theoretically be reduced to one-h:llf of these values (7 psi for the M6 and

MIS and 6 psi for the 1-.114). Since infinitely sharp shock fronts will never actu:l.1ly be realized,
a more realistic value would be two-thirds of the static pressures; i.e., 9 psi for the M6 and

MIS and 7 psi for the M14.

B.3.18 Project 3.19:

Agency:

neport Title:

Project Officer:

Effects of an Atomic Explosion on Trees in a Forest St:lnd

U. S. Department of Agriculture
131;1:;t D:llll:l~e to Coniferous Tree Stands by Atomic Explosions, WT

731

w. L. Fons

Thc objectives of this e.xpeJ"iment were to: (1) determine the effccls of atomic explosions

on :l stand of trees and i:;o!:lted trees; (2) correlate experimental data with analytical method:;

of bl"l':lk:l~(' pr.:dir.tion; and (3) study the shielding effects of a stand of trees upon the effects of

:tn atumic e:,;p!osI0n.

A st:lnd of l-l5 ponderosa pine trees covering an are:l IGO by 320 ft ..... as placed al approxi

m:ttely G500 fl from Ground Zero. Isol:lled trees at 500-fl intervals in two radial rows 100 ft

:lpart were inst:lllcd from 5000 to BOOO ft. Tree p:lirs :ll e:lcll station were of substanti:llly dif

ferent period:;. In addition a pair of tree:; ....·as installed at 1500 ft, and :l pair of pendulums :It

5000 :Incl BOOO ft. Aver'a~e tree hei~ht W:lS 51 ft and :1\'era~c diameter at the b:lsc ....':1S 15 in.
Instrulllenlation consisled of ~round-le\'el, 10.fl, anJ 60-f[ pressure ~;.q;cs; pilot-type dy

namic-pressure measurelllenls; snubber- ..... ire :J.rr:ln~ements for the delermin:J.tion of deflec

liuns; :l{"("('!crometer:;; strain ~a~('';; tilile-recordino: anemomelers; :lnd:l wind-direction indi

cltor. Stil~1 :lnd llIutie'n-piclur.: rhot0l:r:lphy V,;\S :lIsa employed. Sec Fil:. 8.20.

St:ltiolls were loc:lted as follows:

Shot 9 Shot 10

I
Dlst:lnCe' rrorn PC:1k Dyn:lmic Dist:lncc: frum Pe:1k Dyn;lmic

AClU:l1 GZ Pressure· AClual GZ Pre,;sure·

Station I (f l) (psi) (it) (p:; i )

I
5000 I

~7~0 1.1 J ~a50 0.30

5500 5240 0.90

6000 5730 0.72

6500 6230 0.58

St:lnd 6460 0.52 6390 0.11
7000 6720 0, ~5

7500

I
7220 0.37

BOOO 77111 0.30 7B50 0.055
I

·Computed from ground-level-measured, side-on pressure values.

011 Shot 9 incid~nce of bre:lk:l~e of the isolated trccs (31 out of H5) was about twice as

~re:ll :I:; predictcd. No lJJ'c:lk:lge occurred on Shot 10. The forest stand :l[(orded complete

thermal shieldln~ beyond lhe fourth rO\ll of trees.

Clu:;(' l'l)rrc:l:ltion bClwct.'n c:llculatcd J.nd me:lsured deflections for the isolated trees and

betwpen their rredictec! :lnd actual brc<lk:ll;e substanti:llcs the gelleralized method of bre:lkJ.~c

prcdiClioll for isolated IrC'es. Break:lge and tree deflcction,; within the stand ..... ere appro,xi-
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mately twice the value predicted on an isolated tree basIs. ConsequenUy breaJca.ge predictioos
based on isolated trees appear to underestimate the actual incidence of breakage for small
forested areas. A postshot view of the sL3.nd is sho',1,"!l in Fig. B.2!.

Within the limits of instrumentation there is apparently very little or no attenuation of
peak overpressure, peak dynamic pressure, or their respective Impulse in stands several
acres in area.

Tree and pendulum deflections, dynamic pressure measurements, and the close correlaUon
of deflection results on a dynamic-impulse basis indicate that greater damage to certain drag
type targets will accompany low burst heights at the NevadA Proving Grounds for pressure
levels below that at which the precursor disappears and extending to overpressures of at
least!. 5 psi.

B.3.19 Project 3.20;

Agency:
Report Tille:

Project Officer:

Vulnerability of a Typical Tactical Communications System to Atomic
Attack
Signal Corps Engineering Laboratories
Blast and Thermal Effects of an Atomic Bomb on Typical Tactical
Communication Systems, WT-732
J. Eggert

The objective of this project \I,'as to subject selected items of Signal communications elec
tronics equipment and material to air burst atomic weapons to determine the effects thereon.

Typical !terns of this equipment and material were e:-:posed to blast, 93 test groups to Shot
9, and 17 to Shot 10. The test items included radial polelines, transverse pole lines, separate
poles without crossarms (both guyed and unguyed), 120-ft and 200-fl aluminum Signal towers,
antenna systems, masts, buried and surface-laid wires and cables, and other items at various
distances from Ground Zero. Several of the test items appear in Fig. B.22.

Reference should be made to the project report for a descrIption of the test results, be
cause of the vast number of Indh'idual Items and the details of the dHferent elements and .the
respective damage thereto. A brief description of damage to selected items is given here only
as an indication of



Agency:
Report Title:

Project OUic'er:
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Statistical Determination o( Damage C~iteria [or
Military Equipment and Supplies

Ballistic Research Laboratories
Statistical Estimation or Damage to Ordnance Equipment Exposed to
Nuclear Blasts, WT-733
E. Bryant

1.

The objectives o( this project were tc obtain statistical c!:lta on damage to certain ordnance
equipment and to use this information to verify methods o( damage prediction.

The equipment exposed in Shot 9 consisted or t ..... enty-seven I/I-ton trucks (Jeeps) (M38Al).

t ..... enty-seven 2~/l-ton trucks (M35J, and t ....'o 90-mm AA guns (M1Al). for Shot 10, eleven Yr
ton trucks and eleven 2 1

/ 1-ton trucks, t ..... enlr-se.·en 57-mm guns (Ml), (ive 105-mm howitzers

(M3). se.'en tanks (M3, M~, M7, and M24). and t ..... o 90-mm AA guns (MIAI) were tested. The
test items ..... ere in general oriented side-on, (ace-on, and rear-on to the blast. The guns and

howitzers were tactically emplaced.
Instrumentation was provided to measure linear acceleration and angular velocity o( sev

eral vehicles to determine their response. In addition, limited motion-picti.:re coverage ....'as

prOVided (or both shots.
The equipment was located as lollo\\'s:

Shot 9
I

Shot 10

Distance' Pea~: Dyna m i c Distance' Pea~: Dynamic
Test From Actual Pressure' From Actual Pressure·
Items GZ (rl) (psi) GZ ([t) (ps i)

\ ' 8,5 - 6550 2,6 ma." 900-4380 126-0.5, (-ton
truc].: .' 0.5 min

(M38Al )

21.. ~-ton 875 - 6550 2.8 rna:>; 900 - 4380 125-0.5
truc].: 0.5 min

(1'.135)

90- mm A.A. 1500, 5200 I." 0.9 715, 3000 290, 1.9
gun
(MIAI)

57-mm g1Jn 5';5-1240 430- 4.9
(Ml)

105-mm 720-1255 290-36

hO""'itzer
(M3)

Tank (M3) 1045 73
Tank (M4) 380-570

Tank (1'.17-SP) 1415 23
Tank (M24) 715 290

O£:stimated values.
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D. 3.21 Project 3,22:

A!;er.cy:

R.epo~t Tille:

P.Oj<:CIO[[lcer:

Effecls 0:1 Engineer Brid~in; Equip:l1enl

£ l\ ~ 1i I C'~r ? e 5 e:l • c ~ J ndOe '; c lop r.l er. t LIt>J r:l tor :;

Effecls 0.1 En~in'~·~r Brid;:~; t:q~:;)r.len:, \\'T-'7J~

C:I!J: \'. S, Ad~;lr.S, uS,·\

T h·~ ;J'~ r;J 0 sea; Ihis Ie 5 I ',':I S : J del e r::l : ,1 e t 1: (' e;:' '.' CIS 0: :I:: :I: o:~1i c . ~;'J:":l:'> ~ 1:1 5 I 0 ,", :~1: II L1 r :; .

I:;:J'~, p~cf:t:':rlc:t:ed, [IX'cC lJ:'ldt;:,".;. The s;J'~ciric oiJieC:i';'~S '~e~c' to: (Il cClerr,llne Ihe 10:lc:n;

C:...:C ~o blJ.5r; (2) d..:otc:-;r-ll:nc lbe ·~'C.l:~:CS( st;'"'..':~~llr.l1 C'J:-:~.:.JO:1e,~: ;:1 (he tJ;-lc!~'~'S, (J) dl'~C:"::1:;lC '.J.'n.lt

IC':~l~ QJ C:1.-:-:~sc :-:1:1:, b,~ lO](':-:1~C: ''':'' :\.J10'''';~ CJ~Slj~~ p,:-:),;.~~ssi·"c ;".11h..::-c; (~) CS(Ju!lsh J ~c:lc:-.11

:I::J!:;::c,11 n:e:hod 10 c:llcul:lle I::'~ ~'~sporlse 0: truss s:~"cl!J~es 10 :ltor~l:c-bof:llJ lJl:lSI; :t.'1d (5)

:;i':.:ost:';:HC ;J:-JC~IC.l1 01Clhods 0: ;~;-;::tl~~s r;;·~ S(;"uct ....::-J; :-~StJD:iSC of:l 0:1:!'::; b:-ld~c [0 bl:ls:

!O:l8: :~;-,

T·~'o"IOO-[I·S,IJ:ln, dCIl.:b!c-truss, slnsle-Slory D:li:·~:; brid;es '~ere tC5:'~d, on(' in Shot 9 and

bo, ~ InS h0, 1O. rn Shal 9, Ll C b; I c;- ~ \c. as I ~ c,~ to 5 I i c,~ '!:\C epI [0 ~ I ric II 0 .1,,1! :-.~ 5 I Sl:l n c L' de ... L'1 0;J '.' d

:II the S'-J??or:; for ShOI 10, Lhe l.J~lc;-e at t~'! ;-rC':lle~ CISl:lflCe f~orn Ground Zero V;:lS .... elded to

s'~p,IJorls to inC~eJ5e Lhe ddo~r:laIIJ,", in the I~uss. an': :~c ne,1~e~ lJrid[;c ":IS a~:lin frce to

slide e.xcept fo. fr:ctionJ.l ~eslsL1,l:e. These were [';1o'~nted on pie~s so th:ll the OOtto:n chords

',l,'ere J.bout 22 It :180''-02 the ~ro!Jr,c s~~rJ.ce. S,~e FII:;. 3.2J.

In J.ddillO:1, 1',l,'O sln!:,lc-b:Jy seC,10:15 of:l B:liley b~:d;e :lnd:l 1'6 lJrlc;e were e,,<posed to

bot~ sho:s. T~c:; \"C~C ;J!;l.CCC 0:1 l~·': ~rolJ,-::i SL::-::lCC, '';~:l.lcho;-C'c',

I f"l a ~ d C' r ladc [e r [';11 nee .x;) C ~ i :11'~ ,11:1 \ 1.\' ,h,~ res 1St a '-:'~ o!f c ~ ,~c u:.- lil c r~ :c llon:ll r0 r c cst 0 1:l'~

sliding mOllO,l 0; the brld~c', :l flU!! :-~st ',l,':lS conduclC'': ::;,1 :I \);:(1;;,,,' S('C110:1, Tile s>;lds :I:,d

ch:tn,leis :lclu:tl\y 'J5ed laler Ifl the :l,~ld lcst o~ tile b~ld"._', ',l,:11C:: ',l,:lS :Jllo',l,ecJ to slide In Shot 9,

"'·e.e so tested. The sl:llic COCfflCi'~~l of fr:cion ""':lS [J',,::,u [0 '.-:Jr:; U',,":',q:'::l 0.5 :lnd 0 G. ',l,'hlle

l h c d i;l:l:n I' ceo C [f: C len ~ ('; I~ 10 CI [Y 0 r ~:- Ids e ';..' ~ :h r L' Spec~, ~:J S U ~ PCJ:- ~ 'J,;l ~ .1 t;"J L; ~ 1 f ~,; S l' c) ... J r 1 (" d tJ..~

1',l,' c·~ nO, 25 :t :,d 0.3,
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The results of the tests are ~ummarized b€low:

Peak Average

Dist:lnce Pe:lk Dyn:lmic Rigid- Body

to GZ Overpressure Pressure Response
Bridge Shot (ft) (psi) (psi) (in.) Remarks

100- ft B:liley 9 4100 7.75 1. 52 43.5 No stl'uctural
damage

1- B:ly B:liley 9 1050 19.0 1.10 No structural

damage
1-13:1 y 1'6 9 1050 19.0 1.10 No structu ral

damage
100- ft B:lill'y 10 2000 10.6 >6 >240 Severe damage
100-ft Bailey 10 4250 4.1 . No structural

- damage
I-Bay Gailey 10 1500 14.0 ::::240 Severe damage
I-Bay 1'6 10 1500 14.0 :::: 120 Light dam:lge

'This lH'id~e \\:lS welded to supports.

For Shut 9 the 100-ft bridge was entirely within the M:lch stem, so that the blast load W:lS

essellti:lll)' horizont:l!. The ends of the bridge moved 30 in. and 57 in., or an average of 43.5 irl

Skid m:lrks indic:lte thaI there was nu recovery, i.e. the motion was away from Ground Zero

only. No pl:lstic deformation was (ound in any of the brid~e components. The SIngle-bay sec

tions uf the Bailey and 1'6 bridges were also undam:lged structurally, but were displaced as

rigid bodies.

For Shot 10 the bridge at the gre:l[l'r distance, which was welded to the support, II,'I\S un

d:lll1:lged. H9wever, the bridge cluser in was pushed completely of( the piers. Evidence left by
the skid marks indic:lte th:H the brid:;e was subjected to lift forces gre:lt enough to lift the wind

ward side ufthe bridge frol11 the SUPPO)'l almost immedi:ltely :lnd (inally to lift :I third corner

of till' IJrid",e off thl' supports, Struclur:ll d:lm:.q;e to the bridge W:lS severe, but the direct ef

fects of the' bl:lst onnot be sef}:lrated from the effects of the 20-ft (:Ill. Sec Fig. B.24.

The single b:ly B:liley lJridge WJS nloved :lbout 20 ft :lnd suffered severe d:lm:lge to lhe

cump,)lIents. The 1'6 brldc;e \\':15 nloved alJout to ft :lnd suffered only slight dam:lge.

II \\':lS concludec1 th:l! truss-type' sl'ructures :lre dl':l\; sensiti\'e; thus, predictions of d:lmJ.~e

shuuld lJe st:lled in terms of clyll:lnlic pressur~ r:lther thJ.n pea).; uverpressure, since dynamic

pressure is not always ulllquely related to peak overpressure. Damage from thermal radiJ.lion

is nut impOl'l:lnl for the size o( ..... eapon used in these tesls.

Results from Shot 10 indic:lle that significant lift forces m:lY be :lpplied to bridg-es. There

fore a frictional- restraint :lnchorage alone is noe satisfactory. An anchor t:able th:lt will gi.ve

:lfter a certain tension is reached appe:lrs to be a more satisfactory Jns\ller, and has the addi

tion:ll Jdv:lntage lhat it C:ln be connected to the bridge sever:ll feet out (rom the end, thus re

ducing the effective span.

The an:llysis indicates th:lt the end-bJy sway braces will be damJ.ged before other compo

nents (01' sin~le-story bridges of moderate or great spans. Rupture of the end-bay sway braces

\IIill. in (;ener:ll, result in the progressive coll:lpse of the lll"id:;e. For double- or triple-story

bridl;es, transom-clamp se:lts <lnd ra).;ers may be limiting factors, since their failure would

allo\\' the windward truss to LlY o\'c:r, thus causin~ coll:lpsc:.

The sliding :In:llysi5 of Ihe bridge gave s:Jtisf:lclory results fo'r the values o( lhe param

el<.!rS used.
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B.3.22 Project 3.24:
Agency:
Report Title:

Project Officer:

_ ••• ------ ---__ ..._._ h __ o __ .o._o ._

Blast Effects on LYT's
Naval Radiological Defense Laboratory
Effects of an Air Burst AtomIc Explosion on Landing Vehicles
Tracked (LYT's), WT-735
Lt Col M. R. Olson, USMC

The objectives of the test were to determine the degree of blast damage which LYT's
would sustain from an atomic air explosion and to determine, qualitatively, the degree of pro
tection which these vehicles afford from the effects of such an explosion.

Six LYT's were exposed to Shots 9 and 10 at various dlsL1.nces and orientations (see
Fig. B.25). Dosimeters were installed on the exterior and.ln the Interior of each vehicle to
obtain data on gamma-radiatlon-dose-reduction lactor for these vehicles. For Shot 10 only,
the two most-remote vehicles were lnstrumented with four Taylor maximum-minimum ther
mometers and four sets of thermal temperature-Indicating papers to Indicale the temperature
rise within the vehicles. Motion-picture coverage was obtained for one vehicle [or each shot.

The vehicles were located as [011011.'5:

Shot 9 Shot 10

Dist..1nce [rom Peak Side-on Distance from Peak Side-on
Vehicle Actual GZ Pressure Actual GZ Pressure
Position (ft) (psi) (ft) (psi)

1 775 22.3 1030 52.0
2 935 20.3 1210 30.5
3 1705 14.0 1525 14.0
4 2410 11. 1 1880 9.1
5 2420 11.1 2575 8.1
6 4510 7.1 3450 5.8

B.3.23 Project 3.26.1:
Agency:
Report Title:
Project Officer:

Test of the Effects on POL Installations
Air Materiel Command
Test of the Effecls on POL Installations, WT-735
B. J. O'Brien

The objective of this project \I.'as to study blast and thermal effects of an atomic detonation
on gasoline and oil storage depots and on conlainers.
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Test item;.; included in Shot 9 and Shot 10 consisted of three categories: (1) groupIngs of
standard 55-gal. storage drums filled with.diesel fuel; (2) storage tanks !llied with dIesel oil
or aviation gasoline, especially designed so that the fuel would either seep or now rapidly
from the damaged tank; and (3) vertical storage tanks or either welded or boiled construction;
the roof-section of the welded tanks was designed to model the roof action of prototype storage
tanks of the 120-ft diameter class, while the boiled tanks represented standard Army equip
ment. The number of items is too large for individual listing here; however. the extreme
ranges and corresponding blast and damage phenomena are given.

The test items were located as follollo's:
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Project 3.26.2:

Agency:

Report Title:

Project Officer:

--------_._ _~.- ..

Effc-cts of Atomic Weapons on a POL Supply Point

Quartermaster Corps, USA

Tests of the Effects on POL Inst31lJtions, WT-736

H. A. Stiles

The objective of this projecl .... as to determine the effecls of an atomic explosion upon the

follo'J.)ng POL equipment: (I) cans and drums stored in the conventionJI manner fur QUJrter

master fuel dump; (2) cans and drums of gasoline protected by revetments, lie downs, and

clamps; (3) collapsible gasoline stora!;e tanks; and (4) can-cleaning equipment.

Each of the following items .... as exposed to Shot 9 at four different stations: 0) 55-gal.

drums with and without protective cover, filled with gasoline or empty; (2) 5-gal. gasoline calls

'0\ ithout prolecti .... e cover, filled ""ith gasoline; (3) two 900-gal. collapsible tanks filled \.-jth

water, ""ithoul protective cover, one of Mu.ine Corps design and the olher of Quarll'rmast<.'r

Corps design; and (4) a 50-gpm pump circulJting ga.soline throu~h a can-clt'Jning machine,

\lithoul proleclivC' cover. A preshot vie .... of the test items is sho .... n in fi~. B.27.

The 55-g:l1. drums, S-p!. ~asoline cans, Jnd J Muine Corps 900-pl. collJpsilJle l:lnk

....·ere rE'tesled in ShOI 10. lhe (Irst { ....·o items at three s{Jtiol1s :lnd the Muine Corps tJr",: :It J

fourth sl:ltion.

The 10cJtions '~'ere as (0110""5:

Shot 9 Shot 10

Distance Peak DistJnce Peak

from Side-on Thermal from Side-on Thermal

Actual Pressure flux Actual Pressure flux

Station GZ Ut) (psi) (cal/cm!) GZ (ft) (psi) (cal.{cm!)

I 2600 11 68 750- 140 "'400
2 3150 7.6 38 1080- 40 <::250

3 6800 4.3 16 159O- 11 125

4 10,000 2.7 7 2160t 8 92

-Drums and cans onl".

t900-gal. collapsible tank only

......,.,.,_ .r·'
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8.3.25: Project 3.25.3:

Agency:

Report Title:
Project Officer:

Effects of an Atomic Explosion upon an Amphibious Assault Fuel
Handling System (Shore Phase)
U. S. Marine Corps

Tests of the Effects on POL Installations, WT-735
Lt Col H. W. Sharpenberg, USMC

The objective of the experiment was to determine the resistance of equipment and mate
rials of an Amphibious Assault Fuel Handling System to thermal and blast damage of an atomic
explosion.

Equipment and materials of an Amphibious Assault Fuel Handling System ..... e re selected
for testing. The components of the system are LVT-transporteci fuel tanks, shore unloading
equipment, shore transfer equipment, dispensing equipment, and storage equipment. Some of
the tesl items were rigid-Jluminum and collapsible-synthetic-rubber (;Inks, hose, pumps,

meters, nozzles, strainers, etc. A t~'pical Hr:ty is shown in Fib.' 8.28.
The equipment was locJted as follo\l,5:

Shot 9 Shot 10

DIstance PeJk Dist:tnce Peak

from Side-on Thermal [rom Side-on Thermal
ActuJl Pressure Flu...; Actual Pressure Flux

StatiOIl GZ ([tl (psi) (cal'cm:) GZ (It) (psi) (cal/cm 1
)

I 2675 10.8 56 750 135 300
2 4700 6.5 32 1080 37 235
3 5585 5.1 1590 10.7 125
4 7825 3.6

5 10,150 2.7



B.3.25 Project 3.27:

Agency:

Report Title:

Project O{[icer:

Effects of Atomic Weapons on Field Medical Installations

U. S. Army Medical Field Service School

EHects of Atomic Explosions on Field MedIcal Installations Equip

ment, WT -737

Lt Col E. S. Cha;J:nan, USA

-'

The major objective of this project W:l...S to determine the effects of an atomic explosion on

field medical installations, equipment, and personnel (as normally employed) and to determine

the degree of protection \I.·hich is afforded by placing such Installations in dug-in positions.

Two types of composite field medical installations were displayed for Shot 9 at three dis

tances from Ground Zero both in a standarc aboveground position and in a dug-in position.

Unit Type A, a composite battalion aid station and regimental collecting station was esLab

lished at Sites 1 and 2; unit Type B, a com;Josite dil'ision clearing station, mobile army surgi

cal hospitals, and evacuation hospitAls, was established at aU three sites. Each unit ..... as estab

lished in the standard tentage authorized a:1d contained all representative items of equipment

authorized for those units. All of the equip:":1ent was arranged functionally ..... ithin the installa

tions and some of the equipment was operational at the time of the blast.

The location was as follows:

Distance from

I
Thermal Peak Overpressure

Instal!ation Actual GZ (ft) Flu.'C (cal/cm l
) (psi)

1 415~ 40 7,8

2 9000 8 2.7
3 15,000 1-2 1.0

Results of the test u'ere highly satisfactory and demonstrated th:lt casually production and

damage \I.'as se\'ere at the mos(-for'~'ard sileo moderale at the intermediate site, and mi.ld to

slight at the rear site.'Pre- and postshot \"ie'~'s are sho ..... n in Figs. 8.29 and 8.30,
Casualty incidence from ,:,tIl ca~ses in r.1edical installations of the t~"pes tested \I.'ould have

been about 98 per cent in both the a:>o\'e-grot,;nd and ~low-ground installations at Site I, 10 to

27 per cent in the above-ground and 5 to 10 per cent in the belo ...·-[:round installations at Site 2.

and be 10\1.' 5 per cent for both types of installations at Site 3. At .the site nearest to Ground Zero,

the gamma radiation, thermal racl.iaUon. and :>urns from secondary fires \I.·ould have contrl~ted

greatly to the high incidence of casualties. r:o';l,lever, at the site furthest from Ground Zero, al

mosl all of the casualties \I.·ould haH been d"e to Oying missiles.

Medical-equipment maintenance persor~,el evaluated the key Items of each site both before

and after the blast. The general results of their study ..... ere:

Average PercentAges of Equipment Undamaged or Repa.irable ..... ithin the Unit

Unit Site Abo','e ground Below ground

A 1 50 25
A 2 95 100
8 1 54 55
8 2 55 95
8 3 99 100
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A cor'lparative ;;nalysis ;;t e3ch site indicated that 30 to 50 per cent greater protection for

personnel ;;nd 3pproximately 40 per cent greater protection for equipment is alforded. by h3v
ing these inst:llblions dug- in or revetled. However if fires should occur, the percentage of

casualties and d;;ma~e to equipment m:ly be greater for 3 dug-in inst;;ll:ltiun.

8.3.27 Project 3.28.1:

Agency:
Report Tille:
Project Officer:

St ru ctu res Inst ru mentation
B;;llistic Research L3boratories

Structures Instrumentation, WT-738

J. J. Meszal"os

-'

For tilt.! purpose of obt;;ining structural loading data in connection with Program 3 of Op

er:llion UPSHOT-KNOTHOLE, Project 3.28.1 was given the responsibility of me;;suring tr;ul

sienl physical phenomena associated with the blast loading of specially designed structures and

a variety of le::it items. On Shots 9 and 10, <l total of 892 channels of instrumentation wel'(~ pro

\'ided to s!!cure information on air p.·essure, earth pressul"(~, structul";;1 strain, di.splacement,
:lcceler;;tion, panel-time-of break, nnd 3ngular velocity. Projects instl'umented were those of

the Army, N:lvy, Air FOI'ce, and Feder:ll Civil Defense Administr;;tion.

An electronic system b;;sed on referenced phase modulation W3S used as the principal

metiiod of instrumentation, in conjunction with Wiancko <lir pressure, earth pressure and ac
celeration g:lges, :lnd 8:l1dwin SR4 str3in gages. Origin;;lly designed by the Webster-Chicago

Corp. ror usc by tlIe S:lndi:l Corporation on GflEENHOUSE, this equipment required considerable

modific;;tion before being put into operation on UPSHOT-J-,,'NOTHOLE. Twenty-seven of these
ma~net it' tape recording; systems, each capable of supplying 20 channels of information, were
needed for the nUlllber of measurements made. In this lIlanner a total of 798 channels of in
forJll3tion were provided, of ..... liich 703 yielded readable records; the remaininf: 95 were lost

because of d:lm:tge to SOllIe of the lest items and electrical failures in the recording equipment.
Fony-three self-recording accelerometers designed by Engineering Research Associates

....."re us"d :J.S backup measurements for the Wiancko electronically recorded accelerometers.
With;; putcnlial of 86 ch:lnnels. thL'se instrumCllt::i provided 42 channel::; of re;;dable dat;;.

In' :lc1dilion to four p3nel break 1l1eaSUrelllents made for the Federal Civil Defense Admin

istration 011 Shots 9 and 10, displacement measurcments were successfully attemptcd usin);

t\l'O dirferelll type::i of self-recording p,ges,
To delermine the extent to whicli certain structural membcrs were strained beyond their

el:lstic lllllll::i, 1152 nle:lsurcments were made ..... ith a 2 in. Whittemore strain indicator.

F'rolll tlie rL'sults o·f this <lnd previous teSls or a similar nature, it is evident th;;t an elec
IrOlllC Systl:lll based 011 thL' n:co/'dillg of phase modu1:lled Sif:n:lls on Illaf:netic t;;pe is feasible
ru;' this typ" of instrumentation. Ho ..... ever, the present Webster-Chic:lb'0 system should be im
pro\'('d upon in sevcrJ.1 respects. First, it is doubtful that tlie limited frequency response of

such:l system justifies its use, considering its cost and bulk; and the number of skilled tech

niciansrequired to operate it. In addition to improving the frequer.lcy response, it would be

highly Jeslrable to providl: a Illore liJlear playback system.

For future operat ions, it is apparent tliat a development prol;ram is needed to explore the
potentialities of self-recording mechanical type gages <lnd to investil;:J.te the development of

an electronic system combinill~ the flexibility of IllJb'netic t;;pe recording with the reliability
and simplicity of the conventional 3-kc carrier type instrumentation.

8.3.28 Project 3.28.2:

Agency:
Report Title:

Project Officer:

Structures Instrumentation

Naval Ordnance Laboratory
Pressure lI-feasurements for Various Projects of Program 3, WT-73S

W. E. Morris

The NJval Ordnallce L;;boratory instrumented various Prol;ram 3 projects for pressure

time historics. The instrumentation system consisted of Wiancko inductance £;:lges, FM in
tellq;"nce generat'ion, and n13g-netic tape data storal;e. PreSSure'me:J.surements were made on

three abovel;'"Ound stl'uctures, one underf:round structure, five foxholes" a diffraction study
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layout around one of the aboveground structures, and a tree stand. The results of Shot 9 were
excellent; 127 complete pressure-time records were obtained from the total of 128 stations

instrumented. On Shot 10, forty-eight complete records and 48 partial records were obtained
from the 105 stations instrumented. Broken cables caused by displacement of the structures
accounted for most of the partial and total loss of records on this shot. The records were
reproduced as pressure-time curves with pressure scales added and, alonlj with instructions
for record analysis and interpretation, were presented to the cognizant agencies for their
analysis.

B.3.29 Project 3.28.3:
Agency:

Report Tille:
. Project Officer:

Structures Instrumentation
Stanford Re~earch Institute

Pressure Measurements on Structures, WT-740

L. M. Swift

Project 3.28.3 of Operation UPSHOT-KNOTHOLE was cOllcel'ned with the measurement of
pressures existinlj on the surfaces of val"ious nonresponsive stl'uctures from Shots 9 and 10.
The experiment plan and the analysis of d:l.t:l. were not :l. portion of this project, lJut the data

were used in computation of structural loadin~ :llld response under air LJI:lst. A secondJry
portion of the project was the definition of Jir blast conditions existinlj at the time of meas
urenienl.

A lotal of 143 sat isfactory records were obtained from the two shots, a 99.3 per cent per
formance. Secondary air blast records were analyzed, and the results were published for the use
of other projects.

." 8.3.30 Project 3.29:
AljenC}':

Repurt Tille:

Project Officcr:

Tests of Four FCD.-\ Curtain Wall and Partition Structures

FederJI Civil Defense AdministrJtion

BIJ..St Effects of Atomic Weapons upon Curtain Walls and Partitions

of Masonry and Other Materials, WT-741
B. C. Taylor

The objective of this test was to observe and determine lhe absolute Jnd relative blast

resistanCl! of exter ior and interior \\'all panels.

:\ group of cOlltinuous test cells were built with concrete floor slabs Jnd reinforced COII

crc·te ·.\·~.l1ls and roofs. Some ide:l of the cell:; m:1Y be obl:J.ined frolll FIj:;s. 13.31 and 13.32. The

frollt WJlls of three cells at the extreme ril;ht were used for p:lnels under Project 3.5. The
pJ.I1els were 10 ft high and varied in lenljlh frOlll 10 to 20 ft, the m:l.jority beinl; I G ft lonl;; a

I:lr;;e ~roup COnlJineci stl!l!l sash. Tesl p:lnels were'installed on !Joth thc windward and leeward

f:lces, and the cells also contained one or two interior [larlitions.

The exterior p:l.Ilels were"reinforced concrete, reinforced and unreinforced brick, unrc

inforced cinder block, and various combinations of brick, clay tile, and cinder bloC;k. The in

tcorior partitions ..... ere cinder block, stud and plastel' on metal lath, solid plaster, and remova
ble steel. Various t)rpcs of ed!jc support were used.

Instrumentation included air pressure gJges, displJcement gJges, and time-of-break

gages on selected panels. 111 addition, the entire projecl was cO\'ered with -10 motion picture
cameras.

This experiment was successful to lhe extent that the damage was substantially greater Jt
the forward 10cJtion than at the rear, permitting a bracketing of the range of pressure likely lo

damage much of the construction involved.
There was some additional dJmage due to Shot 10, mostly to rear WJlls where the fronl

wall had been blown out previously, or to panels for which some damalje had been noted after
Shot 9.

DelJlled evaluation of results has not been completl!d, but a few generJlizations Jre possi
ble. Walls with 20 per cent window openin!js (where the glJSS breaks) are much more blJst
resistant than walls without openings. Walls ..... ith these openings allo ..... sufficient pressure to
enter to wreck illlerior partitions of normal construction.
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B.3.31 Project 3.30:
Agency:
Report Title:

Project Officer:

Air Blast Gage Studies

Ballistic Research Laboratories
Air Blast Gage Studies, 'WT-742

J. J. Meszaros

_ ___ .• ... -'-__......_~.-...b'"'·......;-'-__

The purpose of Project 3.30 of Operation UPSHar-h.~OTHOLEwas to develop and proof
test self- recording gages for the measurement of pressure-lime and peak pressure in con

nection ..... ith air blast waves from nuclear explosions.

To accomplish this purpose, prototypes were manufactured for three types of gages in
quantities of 10 to 30 (see Fig. B.33). They were employed in numerous ways on several shQ{s
to determine their characteristics, limitations, and capabilities. A nylon and carbon paper

initiation device was used on the pressure-time gages to start the recording disc at a finite
time aiter the detonation of the device.

The pressure-time gages were accurate to ::10 per cent and recorded wave shapes very
similar to those obtained by more expensive electronic instrumentation. The peak pressure
gages were accurate to ::10 per cent, and no initiation device was needed.

The components of the gages tested form a basis for other gages to measure flow phe

nomena, underwater pressure, ground shock, acceleration, and temperature phenomena. It is
concluded that gages of the type tested can give useful data. on tests requiring greater coverage

and longer blast lines, ..... ith sufficient accuracy and for less expenditure of effort thJJ1 is pos
sible with other types of instrumentation.

8.4 PROGRAM 4 - 8[O~rEDICAL EFFECTS

Program Director: E. Pinson, Col, USAf

8.4. I Project 4.1:
Agency:
Report Title:

Project Officer:

Evaluation of the Hazard of Flying Through the Atomic Cloud

Air Force Cambridge Research Center
The Radiation Hazard to Personnel Within an Atomic Cloud, WT-743

Capt P. M. Crumley. USA F

The general objective of Project 4.1 .....as to define and enluate the magnitude and relative

importance' of the' \'arious pOlenti:lI hazards 10 ....·hich J flight cre ....· in a modern pressurized

military Jircraft would be exposed upon flying throu~h the cloud from an atomic bomb a fe ....·

I1linutes after detonation. The specifiC objecli\;es ....·ere to meas:.;~e (I) the ~pmma radiation dose
and dose rate by meanS of \'arious dosimeters and ionizalion chan;bers carried throu!jh the

cloud in parachute-borne Call1sterS and in QF-80 (drone) aircr;l[l. (2) lhe internal radiation dose
due to inhalation of fission products recei\'ed by n;onkep and r.:ice flo ....·n through the cloud in

a ventilated pressurized conlpartme.nt in these drone aircr-Jft. and (J) the temperature, pres
sure variations. and lurbulence in the cloud during passage of Ihe drone aircraft. The planned

procedure to attain these objectives ....·as (1) to drop canisters through the cloud at T2 min when

the cloud ....·as at approximatel)' 25,000 ft mean sea level (MSLl and at ·S min when the cloud had
stabilized, and (2) to fly drones through the cloud at 30,000 and 32,000 ft (MSL), respectively, be

tween +3 min and -7 min, the exact time of penetration being determined by the arrival lime of

the cloud at these altitudes. The most uncertain aspect of the operation was thal of predicting
the rate of rise and position of the cloud with sufficient accuracy to permit hilling it with the

canisters and drones. Participation in three shots was nn 'eather conditi
mined participation in only t ....·o shots; namely, Shot 4 0

Two of the canisters pJssiflg through the cloud at a
9 registered a maximum dose rate of 7.5 r'sec and 10.6 r/

other canisters were not obtained due to failure in hilting the cloud or to the malfunction of the
telemetering equipment. Intcgrated radiation doses obtained by a film pack on each of four of

the canisters hilting \'arious parts of the Shot 9 cloud at the altilude and time stated above were
77, 120, ISO, and 200 r. The IJtter \'alue ....·as obtained on a canister passing through ncar the

center of the cloud. Since the canisters passed through the cloud vcrtically at a ratc of only
150 flisec at this altitude. it IS estimated that an aircraft traveling 400 knots and passing
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between one-hill'

howed a m;;ui
r. A similar

of 29 r, the rate
in gave a maximum

I e the vis ibl e cloudrate of 2.8 r/sec and an inte
was not accurately known.

Although there is a factor of about two in the scatter of data, the combined GREENHOUSE
and UPSHOT-h'"NOTHOLE experience on cloud and stem penetration at relatively early tilDes
suggests that the average dose rate in flying through an atomic cloud Is Independent of yield.
For the time interval of 2.7 to 25 min after detonation, the data may be represented by D = 1.31 x
lOs x t-l.0 6

, where D is the average dose rate in roentgens per hour and where t is the minutes
after detonation.

The internal radiation dose to the lungs of a man due to inhalation of fission products during
cloud pa.ssage in the three penetrations mentioned above amounted to an upper limit value of
only 240 mr and, therefore, would have been insignificant both in actual amount and in compari
son \l,ith the ext e r nal dos ere c e i 'led. It was sho"','n that the al pha rad iat ion haza rd from un/is
sioned Pull! and U m and long-lived, bone-seeking fission products was also insignificant.

Temp tapes on the skin of the drones did not reach 65°C, the minimum recordable temp
perature during cloud passage. Pressure changes and associated turbulence of sufficient mag
nitude to endanger the cre\l,' or the aircraft did not exist in the cloud at the times of drone pene
tration on these tests.

The above results suggest that personnel in a pressurized aircraft flying at 400 knots or
more which passes through the cloud of an atomic bomb of 30 KT yield or less at times greater

than 4 min after detonation \l,;11 receive a total external integrated radiation dose of less than
50 r. The internal radiation dose due to inhalation of fission products during such a passage Is
insignificant even when the air passing through the pressurized compartment is unfiltered and
the crew members are not wearing oxygen masks." Any provision of filters in the aircra1\ cabin
air, intake or on the individuals' oxygen equipment appears to be an unwarranted precaution
against an essentially nonexistent r..lzard.

through the cloud horizontally at this tilDe would accumulate a ra.dlatlon doser and one-third that registered on the canisters.

~~ r;» One drone passing through thle Shot 4 cloud a

(b) (\

B.4.2 Project ;.2:

Agency:
Report Title:
Project OUicer:

Air Blast Injuries

l'aval Medical Research Institute
Direct Ai~ Blast E:Qosure Effects in Animals, WT-7H
Capt R. H. Draeger, US~

Project 4.2 ""as designed 10 study direct air blast injury from atomic weapons In animals
In the pressure range of 20 to 50 psi.

T\l.'o animal species of widely dUlerent sizes (rats and dogs) were selected in an attempt to
compare levels of direct blast injury in small and large animals. It was expected that the com
parati\'e tolerances of such different exposure subjects to atomic air blast would help differ
entiate the roles played in blast injury by abrupt shock fronts and hIgh peak overpres6ures as
opposed to posltil'e phase dur:ltion and impulse loading, '''''hose relative importance was not clear
from previou6 experIence with high explosive (HE) blast experiment6.

For test exposure purposes the animals \l,'ere placed in 26-in, -diameter aluminumcylLnders
open at both ends in order to provide limited protection against missiles, thermal radiation, and
ionizing radiation while permitting relatlvely free access to the air blast \l,'ave. Although It wa6
realized that some attenuation or the external pressure-time relations mIght be expected to
occur .... ithin the exposure cylinders, it wa6 anticipated (hat actual measurement of the air pres
sure histories to \l,'hich the animals ,"ere subjected would provide satisractory cbta for analyti
cal correlation, For this purpose small seU -recording air pressure recorders whose action
was initiated by a timing signal and \l,'hich utilized sensiti':e diaphragm pressure detecting cle
ments with a time resolution estimated (0 be approximately 4 msec were alongside the animals
in a number of exposure cylinders.
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Two hundred rats were exposed to 24 to 30 psi overpressures in this manner on Shot 9,
where. the air blast physical measurements described clean cut blast waves approal:hlng Ide
alized shock wave form "in the reg-ion of the biomedical blast exposure equipment. Autopsy
findin~s showed moderate lung hemorrhaJ;e in most animals undoubtedly due to direct air blast,
as the pathological findinJ;s were consistent with those seen after primary blast injury suffered

from hiJ;h explosive concussion waves in the laboratory.

On Shot 10, 700 J-ats and 56 dogs were similarly exposed. In the precursor region meas

ured values of dynamic pressure were higher than those which would be calculated from meas
ured values of peak overpressure usin~ normal shock relations. The exact relations between

the various parameters of the blast wave under precursor conditions have not yet been estab
lished. However, it apJ-lears thal the measured dyn:imic pressures in the dusty region were at

le:lst equal to those which would ha\'e been predicted for low heights of burst over surfaces free

of thermal effel:ts. Due to drag forces many of the cylinders were displaced or damaged, and

their contents were destroyed. Because of this and a further error of underestimating the effect
of ~amma and eSJ-lecially neutron fluxes received at the close-in distances of the biomedical
cylinde-s, most of the animals were dead upon recovery (H + 4 hrl, and [hose liVing were in a
state of ~evere shock, Only 12 rats found scallered in the exposure area were recovered, and

aUlOpsy of these and of 50 recovered dOliS revealed no trauma or lung hemorrhage indicative of
direct air blasl injury despite the roug-h treatment and high overpressures to which the animal

specimens were subjected.

Examin:ltion of the pr~ssure recordin~s taken within the cylinders and a review of pressure
records made at equivalent ranges by other projects on Shot 10 confirmed the presence in that

shot of a m:lrked precursor pressure W:lve and of a slow rise time with serious perturbations
of [he idealized shock wave in the region of animal exposure. Peak pressures ranged from 105

psi :It the innermost animal station to 16 psi at the outermost station on Shot 10,

Comparison of the pressure records and autopsy.findinl,is from Shots 9 and 10 led to the

tentative conclusion th:lt exposure Lo a jJressure wave of slow rise time at a given pressure

level under the conditions of blast exposure experienced in Shot 10 docs not produce as much
lung (LJlast) injury as the S:lme peak pressure associ:lted Wilh an abrupL rise lime, such.as was
experienced in Shot 9 alld in experimental exposures to HE bl:lsl waves. However, a possibility

th:u the more dramalic results of Shot 9 mic;lit have been due 10 :l reflccted pressure pe:lk within

th.:: cxposure cylinders could nOI LJe rull:d out LJecausc of the low lime resolution or the self
recordillf.: pressure ga~es pl:lced ill the cylinders with the anim:lls.

0.4.3 Projecl 4,5:

Af.:cncy:
nCIJort Tille:
Project Officer:

fl:lsh Blindness

US.-\ F School of Aviation l'.ledicine
Flash Blindness, \'/T-745
Col V. A. By r Jl es, USA F

One objecti\'e of Project 4.5 was that of evalu.Jtin[; the effic:lcy of a filter system, which

mibhr be used as a lens in a sun gl:lsS or spectacles frame, for protecting the dark-adapted eye
of man a\::ainst retinal burns and reducing the time of flash blindness on exposure to an atomic

bomb rt:lsh, These fillers have a ne[;liglble transmissivity for electromagnetic radi.ation of

wa\'e lenbrth less than 6000 An[;stroms and more than 9000 An[;stroms. Visible light is trans

mitted thruugh these fillers mainly in the red and orallge re[;ion of the visible spectrum. Red

lighted cockpit instruments can be easily read throu[;h these filters. At the same time the

filters, when worn, will reduce by about 75 to 80 per cent the energj in the combined visible and

infrared re[;ion of the bomb spectrum which reaches the eye. When looking at the inltialC12sh
of an atomic bomb throulih these filters, burning of the retina may be prevented in Instances

where it mig-ht otherwise occur if the eye were not so protected. These fillers also reduce the
time or temporary flash blindness by about 25 per cent. For lhis laller purJ-lose the filtcrs ap

J-lcar less efficacious than ror preventinli retinal burns. Temporary rtash LJlindness is associ
ated with the bleaching- effect of light on visu.Jl purple In thc retina, :l reversible chemical re

action. Heducinli the amount of light entering the eye by means of the filtcrs docs not reduce
J-lroponioilally the lenb'1h or the time required for recovery or normal visu:ll functions. Thus
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the filters are useful in reducing or avoiding retinal burns from atom bombs and are helpful
In reducing the time of recovery from flash blindness.

Another objective or' this project was to determine the threshold distance and/or thermal

flux intensity which would produce a burn On the retina of dark-adapted rabbit eyes.exposed to
an atomic-bomb flash. Retinal burns were obtained in the eyes of rabbits exposed at distances
from 2 to 42.5 miles from Ground Zero. The size and severity of the retinal burns obtained
appeared to vary with the yield of the bomb and inversely with the distance of the animals from
Ground Zero. The burn injuries to the rabbit retinae were assessed by clinIcal, photol:raphic,
histologic, and biochemical means.

Although differences in the physical and physiological (actors between rabbit eyes and
hum:ln eyes suggest that rabbits might experience retinal burns more readily than man, the

d:lt:l presented indicate that the retinal burn hazard of the bomb flash to man extends out to
considerable distances. Retinal burns have been observed to occur in the unprotected eyes of
man when exposed to the flash of an atomic bomb at distances up to 10 miles in SNAPPER and
in an accidenlal exposul'e in UPSHOT-KNOTHOLE. That such burns may o,ccur at l:reater dis
tances is a distinct possibility. At distances greatu than 10 miles the image of the fireball Is
small, and, consequently, the retinal area subjected to possible burnin[; is small and likely of
limited consequence in so far as impairment of vision is concerned, except in the rare instance
where it mig'ht occur on the macul:l or area of central scotopic vision.

B.4. ~ Project .1. 7:
Agency:
Report .Tille:
Project Officer:

Me:lsurement of Beta Hazard In Bomb Contaminated Are:ls
USA, Office of the Surgeon General
Beta-Gamma Ratio in the Postshot Cont:lminated Area, WT-7~6

Lt Col J. T. Brennan, USA

The objective of Project 4.7 was to determine the military significance of certain theo
rdic:l1 calculations based on idealized geometries which indicated that, in a bomb-contarilinated
area, the beta radiAtion dose to the skin should far exceed the gamma dose at all points in air
less th:ln about 2 meters above ground level. Because technical and theoretic:l1 consider:ltions
have mitig-ated ag'ainst the feasibility of constructing a qU:lntit:ltively accurale bet:l ~urvey

dosimeter for field use, it was felt th:lt a direct measurement technique W:lS required in order
to dL'll'rminc whether current permissible r:ldi:ltion schedules and hazard control policies,
b:lsed essentially on the measurement of ~mma dose only, are accefJLable.

The: present eXfleriment was desig'ned to measure the bet:!. and soft g':lmm:l radiation dose
th:lt would be receil'ed by the sensitive layers of skin that underlie the rJead and unresponsive
cornified outer skin surface :llways present. I-.le:lsurements were m:lde in several areas in
Frenchm:ln Flat and Yucca Flat cont:lmiruted by fallout from nucle:lr deton:ltions form ~ hr
to 40 days previously. Specially constructed ion chambers with thin walls desig-ned to be equiva
lent in absorbin[; power to the epidermal layer of the skin were used to detect all beta particles
:lnd g-amm:l rays th:l! could penetrate to the sensitive layers of skin. These chambers were
employed at various heights above [;round in free air, and their readint:s were compared with

readin:;s simil:lrly taken with conventional Victoreen ch:lmbers, whose thick walls discriminate
against bet:ls and sofl gammas·and allow an estim:lte to be made of the beta dUference, which
may be compared with the theoretical predictions. Chambers :llso were exposed in grooves
along the sides of a masonite "phantom" of man to determine the shieldin[; effect of man's body
on the skin dose of soft radiations. Similar exposures with the chambers covered with thick
nesses of conventional military clothinl: then demonstrated the protective effects of clothinl::
against the bet:l and soft ~mma flux. Further placement of ch:lmbers within shoes was de

signed to el'aluate the protection afforded by shoes against the relatively high beta radi:llion ex
pected near the ground surf:lce.

Jt was found th:l[ allhou[;h there is an increase in the radiation dose received by the thln
walled chambers in free air at points near the ground, the very large bela hazard predicted by
theory does not actu..111y l(~'ur in lhe field. The most probable expl:J.n:ltion is (Iut tile theoretical
calculations necess:lrily deal with a uniformly contaminated perfectly plane surface in which
there is no m:lsking' of bela radiation by surface irregularities, Where:lS this is not the case In
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the field. Furthermore, some of the betas predicted by theory (probably a small portion) are
soft enouljh to be absorbed in the walls of even the thin-walled chambers, although they pre

sumably carry no beta hazard to the skin either. In addition, the walls of even the conventional

Victoreen chambers allow passage of some of the more energetic beta rays, and they further

allow passage of some Bremsstrahlung radiation, which Is a reflection of the beta field. As a
result of these laller considerations, the ratio of dose Ineasured with the thin-walled chamber

minus that measured with the conventional chamber divided by that measured with ttJe con
ventional chamber (thin-thick/thick) will be less than the true beta-to-gamma dose rallo at the

location of the measurements. The d:lta showed a maximum soft radiation dose In free air near
the ground about 5 times the dose measured wlth Vlctoreen chambers, and the effect of the man

phantom was 10 cuL this soft radiation dose to about one-half the free air value at any given

heig-ht. The further protection of field clothing was On the average a factor 01 2, whereas shoes

protected by three or more times. The result of the decreasing soft radIation dose with In

creasing elevation combined with these protective effects located the point of maximum solt

radiat ion hJ.Zard in the normally clothed man as on the Lower leg just above the shoe top.
Because the erythema dose of skin for betas (or very soft (;.lmmas) IS' about three times

the median lethal dose of g-ammas for humans, It was concluded that the maximum beta dose of
two and one haU times the [,ramma dose recorded wlth the use of the "naked" man phantom did
not warrant the development of lurther personnel external radiation monitoring devices beyond

the existin[; devices sensitive predominantly to 6rammas. This conclusion was further supported
by the knowledlje that in_Illost actual field exposure conditions the additional protecllon afforded

by clothing against betas and soft (;.lmmas would be present.

The conclusions drawn from this experiment apply only to the situation measured, namely,

the soft radiation hazard in the air over a desert surface contaminated with fallout. Other ge
ometries, such as city st reets or ship decks, and other surfaces, such as metals or pavemenl,

may give rise to higher ratios of soft radiati0n to hard radiation than are indicated by these

data. Furthermore, this experiment in no way attempts to define the contact bela skin hazard

that may arise when radio:lctive fallout particles fall directly onto the skin or are pressed

directly abl""J.insl it, nor does it consider the problem of the relative h.-lZards from hard and soft
radiations emanating- from a contaminated object removed from the fallout radiation field.

B..J.5 Project -l.8:

Agency:

He~ort Title:

Project Officer:

Biolog-ical Effects of Neutrons

N:lval RJdiological Defense Laboratory

Biological Effectiveness of Neutron Radiation from the Nuclear Artil

lery Shell in Free Air and in Foxholes, WT-747
Lt 11. E. Ca,·ter, USN

Prujecl 4.8 was desibned to deter.mine the biolobical effectiveness of neutron radiation
from the i'un type assembly nuclear device, detonated in Shot 10, both on the surface of the
ground as a function of distance from the burst point and in conventional-sized foxholes as a
sinlilar function of distance.

Biolol;ical measurements ..... ere made on mice according- to the techniques previously used
at GREENHOUSE and TUMBLER-SNAPPER and Included studies of organ weight lOBS, changes
in the tot:ll white blood cell count, chang-es in the uptake of radioactive Iron In erythrocytes,
and determination of 1l10rtalitf as a function of time after exposure. Animals were shielded
from gamma radiation by ventilated hemispheric:ll lead shields of 7-ln. wall thickness. Esti

mates by A FSWP indicate that animals ..... ithin these shields may demonstrate 50 per cent or

1ess of the neut ron effec t I hey ..... ou Id show had th ey been exposed.to the neut ron rad iallun from
the wea~on in free air. The attenuation of the biolog-ical effect by the lead shields may altio

vary with the neutron spectrum and hence with distance from Ground Zero. Animal exposure

units were placed at varying distances from the indicated Ground Zero along- the surface of the

ground :lnd also in foxholes, where the animals beneath the shields were positioned 42 In. below
the ground surfa.ce.

Resulls indicated that the shielding afforded by the foxholes reduced the biologlcally re

corded neutron dose by a [actor of 3 as compared with g"round surface measurements, but con-
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sideration of the role played by the lead shields suggests the fo:woleprotection factor may be
signtiicantly greater than 3. Satisfactory data were obtained for all biological parameters,
both in the foxhole stations and in the stations on the ground surface. The value of rem per

sulfur-measured neutron obtained from the-.;u-til v-sh t previously U:;-,f:
obtained from similar animal exposures t ere rem (b t-
was taken as "roentgen equivalent mamma al Indicators ~
used. This suggested possible neutron spectral durerences from the more conventional weapons (I)

over the distances studied, which ""as to be expected from the nature of the gun device.
For the ground surface stations over 'the gamma radiation range of 100 to BOO r, the neu

tron radiation effect In rem, calculated with the assumption that the mice "saw" 50 per cent of
the external neutron biological effect, appeared to about equal that of tile gamma radiation dose

in roentgens. The mean survival ti.:ne of the neutron-irradiated animals was short (avera.ge of

3 days), and a relative protection of the bone marrow as compared wltil soft tissue structures

was apparent. These findings are in keeping with prevIous observations.
In the foxholes neutron radL1.tion appeared to be the dominant biological hazard at all ~Is

tances of biological interest. Here the neutron radiation ellect in rem, assuming that the mice
inside the lead shield "saw" 50 per cent of the external neutron biological effect, appeared to

equal about three or four times the gamma radiation eUect to be expected in the bottom of these

foxholes.
It was suggested by the project authors that although data obtained in this experiment and

in pre\"ious experiments using the l':1ouse have served as a valuable initial survey of weapon
neutron radiation effect, urge anil:1ll neutron studies are required in orc~r to extrapoute

animal data quantitatively to man, the point of ultimate interest.

B.5 PROGRAM 5 -AIRCR-\ FT STRUCTURES TESTS

Program Director: K. H. Stefan, CDR, USN

B.5.1 Project 5.1:

Agency:
Report Title:

Projecl Officer:

Naval Aircra!l Structures

Bureau 01 Aeronautics
Atomic Weapons Effects on AD Type Aircraft in flight, WT-748

CDR K. H. Stefan, USS

The objective of Project 5.1 '''''as to study the blast and therl':1al effects of atomic we;J.pons
on AD type aircraft in flisht. DaLa covering '''''eapons effects and airplane structural response to

these effects were collected for the aircraft in level fli!;ht attitude, tail toward the blast in 3.

vertical plane cont3.ining the burst ;Joint. This orientation represents an escape configuration
of an AD type aircraft follo.dng delivery of an atomic 'O,·eapon.

One or the other of t..·o N-avy ~lodel AD's converted to drone conflguralion was flown on

Shots 1, 2, 7, 8, and 9. The slant ra.~ges at burst time involved in these shots varied from
14,400 ft for the AD-2 piloted flight of Shot 1 to 6200 ft for the AD-2 pilotless flight of Shot 7.

In Shot 7 the actual yield exceeded the planned yield by greater than 30 per cent. The drone

aircralt was positioned for near cri:ical weapons effects, and the higher thermal radL1.tion
severely weakened all the blue painted skln on the underside of the wing. Both the port and

starboard wing panels were torn art at the time of shock arrival as a result of the weakened
skIn and combined overpressure and gust effects. A considerable amount of valuable Infor
mation on thermal damage was obLai:led from these panels, which were recovered alter the

test. Visual inspection of the structu.:al failures Indicated that the alrcralt might have survived

had the bottom skIn of the wing been bare aluminum or painted with heat resistant white In

stead or'slandard blue.
In addition to the above flight tests, aluminum alloy panels of various thicknesses and p;1int

finishes were exposed at three different Slat ions on the ground during Shot 9 to oblain sup

plemenlal information on the effects of thermal radiation. Effective thermal absorptlvlty co

efficients oblained ranged from 0.12 to 0.16.
Measured overpressures were L, agreement with the theoretical values. Measured ther

mal radi:l.tion was observed to be ap?reciably greater tr..an predicted as a result of ground re-
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f1ectivity. Thermal calculations using {3 = 0.55 (albedo) provided good correlalion with test
measurements. Peak aircraft accelerations, were approximately double the calculat~d values,
althou~h measured wing and tail loads were in close a~reement with the loads calculated using
rigid body relations.

No direct correlation between measured and calculated aircraft skin temperature rise was
established, although the effects of heat received, skin thickncss, and surface finish were ap
parent. Results of metallurgical studies on aircraft skin specimens, begun In an attempt to
determine skin temperature rise on Shot 7, indicated effects normally associated with tem
iJeratures far in excess of those recorded. This effect was so localized that no serious struc
tural cOllsequences in excess of those normally associated with the thermal intensities ex
perienced are expected.

B.5.2 Project 5.2:
Agency:
Report Title:
Project Officer:

Blast, Thermal, and Gust EfIects of Aircraft in Flight
Wri~ht Air Development Center
Atomic Weapon Effects on B-50 Type Aircraft in Flight, WT-749

H. C. Lenz

-'

Project 5.2 waS established to determine minimum operational parameters for delivery of
atomic weapons from medium bombardment aircraft. Three B-50D airplanes were selected
and instrumented for the measurement of peak overpressure, thermal radiation, and wing tip
deflection. One of the airplanes was further instrur.1ented for the measurement of wing, fuse
bge, and stabilizer,bending moments; angular and linear accelerations; and elevator positions.

A flit:hl pattern was established so that the positions of the three B-50's simulated the
position which would be occuiJlcd by a bomb-dropiJing airplane relative to the point of detonation
of the weapon. Attainment of this position was confirmed by aerial mapping techniques from

the test ai rcraft.
Gust loadinti of the horizontal stabilizer was determined to be the limiting structural

paralnetcr of the B-50 aiq,lIane for delivery of atomic weapons. The extent of this limit was
closely defined by the attainment oC 79 per cent of design limll bending moment at Station 98
of the horizontal stabilizer on Shot 9.

Sufficiently IJrecise and extensive data concerning the effects of atomic wealJons on the
8-50 ..... el-e obtained to enable accuralE' definitions o( t:eneral operational p:lrarnelers for
delivery of alomic weapons with this airpLlne_ In addition, the information is of such nature
thai il may b~ used in the correlation and correction of tJleoretical arulyses which serve to
extend the results to [:eneralized problems of atomic ..... eapon delivery involVing other IYlJes o(
aircraft, positions in space, and other ranges o( weapon yield.

Wint: bending" moments predicted on the basis of the current theoretical analysis were
(ound 10 be consistently tWice as larl::e as the actual wing bending moments measured in this
experiment.

8,5,3 Project 5.3:

Atiency:
RelJort Tille:
Project Officer:

Blast and Gust Effects on B-36 in fli[:ht
Wright Air Development Center
Blast Effects on 8-36 Type Aircraft in Flight, WT-750
G. F. Purkey

Project 5.3 obtained data on the blast response of a B-36D aircraft flown In the proxlmJly
of Shot 9. The lest aircraft was the same B-36D aircralt utilized (or similar testing by Project
6.10 during IVY. The instrumentallon was modUied to Inc lude addltiorul measurements on the

horizontal tail. ReslJonse measurements included nose, tail. wing.lip, and center oC gravity
accelerations; wing fuselae;e and horizontalslabilizer bending moments; and horizontal stabi
lizer shear. Peak ovcrpressure at the aircraft was also measured.

The purpose o( the program was to supplement the blast response ciLta obtained during- the
IVY tests and p:trticularly to investig-ate more fully the aft fusela~e and horIzontal stablllzer
reslJonse characteristics. The purpose was accomplished even thoulih the peak loads obtained
w~re not as high as desired. The peak stabilizer bending moment measur-ed was 3~ per cent

192



· - --._- .._--- -- -------_.~.

of limit load. Peak wing bending moments were somewhat higher than those measureddurlng
IVY but were still only a fraction of the limit allowable. The data obtained by Project 5.3,
combined with previous data, will allow a complete check of the present blast/load theory in
the low and medium load ranges. Theoretical extrapolatlon. to loads approachIng desIgn limit
should be confirmed by additional experImental data.

The position of the aircraft at blast arrival was such th:ll the reflected shock wave arrived
4.44 sec alter the direct shock wave; and, because of fortuitous phasing wIth low amplitude vi
bratIons initiated by the direct shock, the peak loads produced by the reflected shock were
sLIghtly higher than would be predicted from a single shock wIth the strength of the reflected
shock. However, with proper phasIng and shorter tIme Interval between shocks, the reflected
shock could induce peak loads considerably higher than those obtained (rom the direct shock.

The data obtained by Project 6.10 in IVY are included In the report o( this project.

B.6 PROGRAM 6-TESTS OF SERVICE EQUIPMENT AND OPERATIONS
Program D·irector: D. 1. Prickett, Ll Col, USAF

B.6.1 Project 6,2:

Agency:
Report Tille:
Project Officer:

Test 01 Radar Techniques for Accomplishlnli lBDA
Wright Air Development Center
IBDA Phenomena and Techniques, WT-751
F. E. James

The objective o( this project was to evaluate current experimental techniques and equip
ment desiljned to accomplish Indirect Bomb Dam3lje Assessment (LBDA). Specific objectives
were as follows:

1. To determine the amount by which a radar beam is refracted by the fireball.
2. To compare the relative merits of Ku-band fast scan radJ.r to Ku-band and X-band

slow scan equipment.

3. To determine the adJ.ptability of Airborne Moving Tarl::et Indicator (AMTI) equipment
to the IBDA problem.

4. To evaluate a system of computing hei!::ht of burst utiliZing the time difference between
arrival o[ a direct and Ijround reflected 10',1, frequency electrolll:q;netic sigrul Ijenerated by the
detonation and received in an aircraft.

The refraction experiment, conducted on Yucca Flat, utilized a main radar transmitter,
15 receiver stations, and a synchronizing radar station for remote control o[ the main radar
transmitter. The receivers and synchronization station were located for each tower shot along
a line perpendicular to a line [rom the main radar transmitter through the shot tower. The
amount of refraction caused by the grov.-th o[ the fireball was indicated by a shift of the main
radar beam along the receiver line. It was determined that the amount of refraction was not
si~nificant and could be ignored in IBDA reduction procedures.

The fast and slow SC;UI Ku-band radar, A?-.ITI radar, electromagnetic receivers, and bhang
meters were operated from three B-29 aircraft oriented for each shot in the same relative
positions to Ground Zero. The fast scan radar gave better time resolution to fireball return
phenomena, but detail was lost due to antenna and power limitations. High interference levels
pl'evented the obtaining of useful results with the AMTI equipment. The radar techniques
tested, such as fast scan and AMTI, are all desirable and could probably be used in an IBDA
system to assist in obtaining the required Ground Zero parameter. However, none of the tech
niques individually or collectively can be conSidered important enough to warrant the develop
ment o[ a special system [or IBDA utiliz.ing these techniques. When (uture bombing equipments
include these techniques as part of their system, Ground Zero will probably be obtained with
greater ease and accuracy than with the present AN/APQ-24 and K series bOll1bin~ systems.
The use of the electromagnetic wave is not considered practical lor height-of-burst deter
mination at this time. However, when more is known about the characteristics of electro
magnetic pulse from an atomic detonation, further development and refinement of techniques
might prove productive.
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B.6.2 Proje ct 6.3:
Agency:

Report Title:
Project Officer:
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Field Test of IBDA
Strategic Air Command

Interim IBDA Capabilities of Strategic Air Command, WT-752
Capt n. E. J. Scott, USAF .

This project was a corollary tIl Project 6.2 in that an interim IBDA system, installed in
operational SAC aircraJt, was evaluated in connection with simulated strike missions. These
simulated strike missions, flown by B-50, B-47, B-36, and F-84 type aircraft, also served to

provide valuable and realistic indoctrination for SAC air crews.
Ten to 12 SAC aircraft participated in nine shots. Each aircraft carried current type radar

bombing equipment and K-17 cameras. Several bhangmeters wer'e also utilized. Photographic

records and interpretation techniques employed by SAC show thJ.t they have satisfactorily de
veloped an IBDA capability for determining height of burst and Ground Zero (rom the K-17C

camera, i.e., photot;raphy during day or night visu::ll conditions. Yield determination for this
systenl can be obtained by utilizing bhangmeters. Their radlr technique studies indicate that
rJdar photography hJ.s the potential to supply Ground Zero and height of burst rega;dless of

visibility conditions. The limiting factors lre, for Ground Zero, adequate crew training in

techniques; for height of burst, the yield and altitude combination must be such that there is
adequate ground disturbJncefrom the shock wave, and the cloud shadow effect must be dis
cernible. Presenl stockpile weapons, if detonated at reasonable heit;hts, should provide the
necessary phenomenJ. The possibility of developing a technique to determine yield from radar
records of the shock front or fireball growth time history are still under study by both WADC
and SAC.

B.6.3 Project 6.4:

Agency:

Report Title:

Project Officer:

Evaluation of the Chemical Dosimeter

Chemical Corps Chemical and Radiological Laboratory

Evaluation of Chemical DOSimeters, WT-753

J. Johnston

The objective of this project was to evaluate, undu field conditions, the E-I tactical'do
Simeter, which is Ihe latesl version of the Taplin chemical dosimeter.

On Shots 7 and 8 a lotal of some 250 dosimeters were placed al eight separate thermal and

blast shielded stations along the Project 6.8 dosimeter line at distances calcu1:lted to cover the
entire rJn~e of tile dosimetCl". neSullS were evaluated a~ainst film exposed in National Bureau
of St:Jnd;trc!s film holders. Dosimeters were recovered a·t H + 30 hr on Shot 7 and H T 2 hr on

Shot 8. field results conlbined with laboratory findings show that the £-1 dosimeters indicated
within the correct ran(;e, were rugged, consistent, and showed lillIe if any rate dependence. This
dosimeter is considered [0 hJve reac/lsd ilS full Slate of development with the exception or me

chanical and ste~ range modifications.

B.6.4 Project 6.7:

At;ency:

Report Title:

Project Officer:

Electromag-netic R::tdiation over the nadio Spectrum

Si~nal Corps EngineerinJ;; Laboratory

Measurements and Analysis of Electromat;netic Radiation [rom Nuclear
Detonations, WT-754

Ll W. T. Kertulla, USA

This project had two main objectives: (I) to determine the characteristics of electroma~

netic radiation from nuclear detonations and (2) to determine the feasibility of detectin~ electro
magnet ic radiation from prenuclear detonations (Oxcart I).

Both experiments were performed primuily for informal ion on scientific phenomena, with
the knowledb:e that there exists practical military applications if any reliable chJ.racteristics
can be systematically recol'ded and ell.1Jlained.

Resulls or previous experiments of related desi~n have shol'.'T1.the 0 to 20 mc uand to be the
area of strongest signal return. Antennas, oscilloscopes, and rela.ted equipment were designed

to permil evaluation of polarization, pulse amplitude, and time duration of the recurded signals
·in this low frequency LJancl. The Oxcart I phase utilized pulse delay lines between antenna and
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oscilloscope, which, when triggered on a Blue Box, would record any prenuclear electromag
netic signals occurri.ng immediately prior to the detonation.

The data when analyzed did not indicate any correlation between pulse characteristics,
such as amplitude, duration, shape, etc., a.nd yield. Neither did there appear to be any common
characteristic which could be said to be ty-pical of the pulse from a nuclear explosion. Polari
zation data were insufficient to determine a definite plane of polarization; however, the available
data do .not support the idea that the plane of polarization is vertical. No definite conclusions
were drawn from the Oxcart I data obtained at Nevada; however, subsequent experiments with
high explosives demonstrated that no HE signals of interest exist prior to the main nuclear
signal because of their low signal str,ength and time resolution relative to the nuclear signal.

B.6.5 Project 6.8:

Agencies:
Report Title:
Project Officer:

Evaluation of R..1diac Instrumentation, Equipment, and Operational
Techniques
Signal Corps Engineering Laboratory and Bureau of Ships
Evaluation of Military Radiac Equipment, WT-755.
J. M. Johnston

The purpose of this project was to test under field conditions the accuracy, reliability,
practicability, and desirability of various service sponsored radiac instruments. These in
cluded rare meters and dosimeters, the majority of which were in the final developmental stage.
In addition the project prOVided radiac instrwnent repair support for the Rad-Safe organization,
film badges developing for Desert Rock, and instrument calibration facilities.

Radiac instruments were evaluated by conductinl5 ground surveys in radiation fields up to

500 r/hr. Some 150 qualified service personnel were employed and rotated in weekly incre
ments or 12 to 15 after attaining their ma.ximum radiation exposure. Their comments, obser
vations, and recorded dat'a along with maintenance, repair, and modification records were
utilized in the final evaluation of the instruments. In addition, numerous instruments were
utilized by Desert Rock troops and by air crews of participating aircraft and their evaluation
duly recognized.

Dosimeters were exposed in the prompt radiation fields of all shots. Some 12 to 14 stations
located to cover the range of the dosimeters were utilized. These portable stations were de
sifined with aluminum thermal and b!:J.st shields. All dosimeters were comp:tred to film ex
posed in NBS film holders. The film standards were,calibrated a~ainst a known calibration

source of Co"". Dosimeter readings were accomplished by numerous personnel, and results
were cross-checked. All dosimeters were recovered about H + 2 hr, with the exception of one
or two shots where fallout prevented recovery for several addil ional hours.

The two survey instruments or primary interest, the AN/PDR-32 and IM-71!PD, were
found to require additional de\'elopment and engineering work. The AN/PDR-32 models were
preproduction units, and changes were recommended to improve the instrument before full
scale production is attempted. The IM-71 was found to require some development work, but,
primarily, the IM-71 requires production engineering. It v.'aS recommended, however, that,
following [he development changes, preproduction engineered models of the IM-?I be procured

and submitted for service testing by Army Field Forces. No further field testin~ of radiac in
struments at NPG is warranted until preproduction test models, completely engineered, are
al'ailable and have been accepted by the interested service laboratory.

The dosimeter evaluation indicateJ that t'I'O tactical and one administrative dosimeter have
reached developmental maturity and are ready for final production en~ineering and pacluge de
sign. The DT-65 Polaroid and E-I chemical tactical dosimeters were found to have reached an
acceptable state of development, within the limitations or the device. If some difficulties with
rate dependence and pressure sensitil'ity can be corrected, the IM-91 tactiC:ll dosimeter would
be J good tactical dosimeler for service use. The DT-60 Jdrninistr:ltive dosimeter W:lS tested
on BUSTER. Durin~ UPSHOT-KNOTHOLE an attempt was made to evaluate the Admiral reader
for the DT-60. It W:lS found that the reader requires additional design and development work

before being accepted. Some of these deficiencies had been corrected at the time of wrilin~ of
the project report. One significant recommendation for future dosimeter testing- is that more
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care be taken to evaluate the dosimeter accuracy in residual fields and that future dosimeter
evaluation programs include a comprehensive analysis of dosimeter response to residual
radiation fields.

B.6.6 P roj ect 6. 8a:
Agency:
Report Ti tl e:
Project Officer:

Gamma Exposure Vs Distance
Signal Corps Engineering Laboratories
Gamma Exposure Vs Distance, WT-756
Peter Brown

The objective of this report was to measure prompt gamma radiation as a function of dis
plnce. 111 addition, gamma measurements were made for any requesting project.

Data were obtained fl'om film packs in NBS energy corrected film holders and were cali
br:lted against a CObO source. To obtain normalizing factors from a Co 60 source 10 an atomic
explosion, film was exposed to the CObO field calibration unit and then to a 10 Mev betalron
whose radiation spectrum is believed to approach that of an atomic detonation. Corrections
for neutron flux effects on film badges were made for Shot 10 data ouL to 2000 yd,from Ground
Zero. Neutron fl\LX effects on other shots were less than 5 per cent; therefore no correcLions
were m:J.de. No measurements were made on Shots 4 and 11, :J.nd Shot 2 data are fell 10 be low
due to absor pI ion caused by a cone rete mass in the cab on the g:J. m rna 1ine s ide of the towe r,

It is felt the results as presented in the 6.8a report are accurate to within ±20 per cent.

B.6.7 Project 6.9:
Agency:

fieport Tille:
Project Officer:

Evaluation of Airborne lbdiac Equipment
Bureau of Aeronautics
Ev:t1uation of Naval Airborne Ibdiac Equipment, WT-757
CDR J. H. Terry, USN

The purpose of this project W:J.S to re-evaluate Naval Airborne Ibdiac equipment which
had been modified in accordance with BUSTER-JANGLE recommendations. This equipment
was designed to record radiation levels above terrain, correct for variabLes, and Permit rapid
eX1rapoiation to the f:rounct for the plolling of ground contamin:ltion contours. In addiLion, new
ideas in d"opp:lble flares, telemetering units, and fl:lShing l(ghts Lo indicate ground radiation

levels were tested.
On all contamin:llinb: events a P2V :lircraft with the permanently installed instrumentation

made aerial surveys ol'er the contaminated :lreas at H +.1 hr. Telernelering units were dropped
on the el'ening of D Day and morning of D ., I on three shots. Flares and flashing lights were

tested :ll H .,. 1 on one shot only.
fiesults indic:lte th:!l the airborne equipmenl funclioned as designed, but oper:ltional tech

niques and equipment arc much too complicaled for tile accuracy of tile results obtained. In
suffiCient results were ubtained from the fbres, telemetering units, and naslling' lights to
make a firm conclusion, but the system of flares or flashing lights appears to be a practical
approach to the problem of indicating high radiation levels on the ground from air observation.

B.6.8 Project 6:10:
Agency:
neport Title:
Project Officer:

Ibpid Aerial Ib.diological Survey
Signal Corps Engineering Laboratories
Evalu:ltion of Rapid Aerial Radiological Survey Techniques, WT-758
Lt J. R. Price, USA

This project had the objective of developing a system of estimating ground contamination
from aerial survey by utilizing standard portable rate meters in light airc~alt.

StandJ.rd portable sUJ"\'ey meters were carried in both helicopters and fixed wing light
aircr:lft. A clover-leal patter.n was flown over the cont:lminated area at H + L hI' on all events
hadng ex1ensive contamin:lted areas. The night pattern developed during JANGLE and SNAP
PER was simplified and refined to permit a more rapid survey.

It W:lS shown thal ground contamination levels can be plotted from the air, using light air
craft and standard radiac survey equipment, with the results oblAined being accur:lte within a
factor of 10. Nu furlher work on this system is considered justified at this time.

196

/y'l



B.6.9 Project 6.11:
Agency:

Report Title:

Project Officer:

Operational Training'for TAC Crews
Tactical Air Command
Indoctrination of TAC Air Crews in the Delivery and Effects of Atomic

Weapons, WT-759

Lt Col J. W. Rawlings, USAF

The objective of TAC participation was to indoctrinJ.te air crewS in the problems of tac
tical delivery of atomic weapons and direct bomb damage assessment using aerial photography
techniques. In addition, an attempt was made to obtain data on aircraft skin temperature rise

utilizing temp tapes on the skin of the aircraft.
To indoctrinate the air crews. T-33 aircraft were positioned and flown to simulate rec

ommended escape maneuvers. RF-80 aircraft were used to Oy a standard photo reconnaissance

mission to evallL1te direct bomb assessment techniques.

S:1.lisfactory indoctrination was obtained on one of the two shots in which TAC participJted.
The photo reconnJissance mission was performed sJtisfactorily, and photo~rJphic results were
excellent for bomb damage assessment studies. The temp tapes wel'e evaluJted by WADC; how
evel', no conclusive results were obtained since temperJture rise was not l:rcater than thJt

which could hJve been caused by direct and reflected so!al' rJ)'s.

n. 6.10 Project 6.12:

Agencies:

Report Title:
Project Officer:

DeterminJtion of Hei~ht of Burst and Ground Zero

Army Field Forces Jnd Evans Sifinal Laboratorr
DeterminJtion of Height of Burst and Ground Zero, WT-760

Ll Col R. V. Tiede, USA

With the advent of tactical support of ground troops by atomic weapons, the Army Field
Forc",s indicated J need for a systenl to determine 10CJtion and yield of nuclear weapons. The
objective of this project was to evaluJte the following srstems in ability to fulfill this require

mcnt:
1. Artillery sound rJnginfi equi'pmenl for loc:ltion of Ground Zero.

2. Seislllic wave velocity determination of heif;ht of burst.
3. FlJsh rJnging for 10cJtion of Ground Zero Jnd delerminJtion of height of burst.
Sound r:lnging stJtions wcre 10cJted ur to 50,000 meters from GI'ound Zero. The system

\\'JS comprised of three sepJrate lilicrophone arrJys sel'erJI miles apart Jlonf; J line perpell

dlcui ar tOlhe line frOIll the center of the JrrJy to tile LJursl point. The sound ranl:in[: prOVided

bctl'er results for Jir burst than for near surfJce c1etonJtions. For Jir bursts Jt rJnges of
20,000 to 60,000 meters, an angular stand:Hd del'i:llion of 13,8 nlin of arc Jnd radial 10C:ltion

error of 0.61 p",r cent were obt:lined, CalculJtion of the burst pOint required appro:-:imately 30

min :tfler sound :ll'riv:ll.

Seislllic geophones \\'ere operated approximately 810 10 miles from Ground Zero on JII

:ihots. An :tttelllpl w:ts mJde to record :t therm:ll induced seismic W:lVC JS well JS thc b1:lst
induced sign:l!. Results were inconclusive.

Flash rJnging cameras were looted on J line roughly perpendicular to the lines of si[:ht

to the VHious Ground Zeros Jta rJnge of 8 [0 12 miles. Pinhole CJmeras and Polaroid film

were used to photogrJph the firebJII. By triJngulation from the surveyed camerJ 10c::ltiollS,
points of burSL within all avera~e accurJcy of 0.75 miles ~'ere oLJtJined; this rcquil'ed 5 Lo 10
min of calculation after remol'ing the Polariod film from the cameras.

Conl'entional bh:\llfimeters gave yields within 20 per cent to distances of 40 miles.

D.6,11 Project 6.13:
Agency:
Report Title:

Project Officer:

Effectiveness of Fast SCJn RJdar

NJI'Y ElecLronics LJborJ.tory
Effectiveness of F:lst Scan nadar for Fireball Studies Jnd We:lpons

Trackill~, WT-751
R. B. KeerJn

The objectil'e of this project was to evaluJLe the effectiveness of J new develormental fast
scan X-bJ.nd radar for phenomenology studies of nucle:Jr detOllaLions andto Jttel11pt to track the

280-mm projectile,
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This Naval radar gAve 20 antenna revolutions per second and provided excellent time reso
lutions for fireball shadow studies. The van-mounted equipment was tested on Shots 7 to 10.
Presentation of radar return was made on a PPI and B scope and photographed.

The familiar "horse-shoe" shaped pattern was noted in some shots, whereas in others the
pattern was' missing, there being a complete blanking of all targets in the immediate area of
the fireball. It was recommended that any future developmental radar designed for fireball
phenomena studies have a higher bearing resolution of appro:timately 45° azimuth coverage
and at least 50 scans per second.

Missile tracking on the gun shot was not possible due to the high ground clutter.

B.7 PROGRAM 8-THERMAL MEASUREMENTS AND EFFECTS
Program Director: R. G. Preston

B.7.1 Project 8.1a:
Agency:
Report Title:

Project Officer:

Aircraft Structures Tests
Wright Air Development Center
Effects of Thermal and Blast Forces from Nuclear Detonations on
Basic Aircraft Structures and Components, WT-766
Capt G. T. James, USAF

The objective or this project wastworold. Primarily, it was designed as an integral pa.rt or
the long- range WADC research and development program to establish design criteria for future
atomic weapons delivery aircraft. The secondary, and more immediate, objective was to im
prO\'e the state of kno .....ledge pertaining to the delivery capability of present day delivery air
craft and to effect modifications to increase this capability.

The experimental procedure followed was to expose, at various ranges from Shots 9 and 10,
baSic and critical aircraft structures and components for obtaining their time history of tern·
perature and strain responses. Specimens tested were 8 box beams, 8 tension ties, 13 hori
zontal stabilizer and elevator assemblies, and 6 aircraft panels. Additional measurements for
peak temperature only were made on 31 aircraft panels, a B·36 stabilizer and elevator as
sembly, a.B·36 wing section, 212 control surface protective coverings, and 89 undercarriage
com

Aircraft Structures Tests
Wright Air Development Center
Additional Data on the Vulnerability of Parked Aircraft to Atomic
Bombs, WT- 809

Project Or!icer: Capt G. T. James, USA F

This project was specifically aimed at the determination of the protection afrorded parked
aircraft exposed to atomic detonation by thermal radiation shields and strong tie-do ....ns, and to
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obtain additional data on certain fighter and bomber aircraft in the nose-oil orientation.
A B-17, B-29, B-45, F-86, and four F-47's, all of which had been used in previous tests

except the B-29, were exposed in six shots for a tot3.1 of 16 aircraft exposures. The instru
mentation included eX1ensive temperature determin3.tion on all exposures ~s well as consid
en.ble high- speed motion picture photography.

The more obvious conclusions obtained from this experiment were:
1. In those high overpressure regions where a relatively high degree of damage is sus

tained, strong tie-dov.'T1s apparently reduce the amount of dam3.ge to fighter aircraft in the

nose-on orientation.
2. Cloth thermal shields were observed to have provided protection from thermal radia

tion and thermal-blast coupLing. It is anticipated that these shields will be far more e[(ective

protection,against higher yield weapons where thermal radiation becomes relatively more

critical than blast energy.
3. Data obtained in this test provide further confirmation of related dJta' from TUMBLEI1

SNA PPER.

B.7.3 Project 8.2:

Agency:
Report Title:
Project Officer:

Measurements of Thermal fbdiation by Means of Ibdiatioll Pressure

Phenomenon
Air Force Cambridge Research Center
Measurement of Therm:J.1 Radiation with J Vacuum Microphone, WT-767
M. D. O'Day

The objective of this project was to evaluate a vacuum cJpacitor microphone as a device
[01' measurin!i thermal radiation from the bomb. Signals generated in the microphone by the
pressure of the radiant energy, which is related to the radiant intensity, are amplified elec

tronically, fed to an oscilloscope, and recorded on magnetic tape. OverheJting of the capJcitor
diaphragm by the incident thermal radiation is avoided by the use of a chopper operated at
1400 cycles/sec and, if the assembly is close to the detonation, by the use of neutrJl density
filters interposed before the microphone. The amplitude of the output is related 10 the intensity
of the rJdiant energy. Total thermal energies may be obtained by integrJting tile curves of in
tensity vs time.

Project 8.2 pJ.rticipated in Shots Ito 10. The recordin~ equi~ment ..... J.s conlJined in two
VJns which were manned and 10cJ.ted within view of the detonations. Sensing equipl11ent was
10cJ.ted J.t distances from 1 to 14 miles from the burst point.

As the result of the extensive p3.fticipation of this project, a large amount of thermal d:lta
WJ.s obtained. Calculated thermal yields for this project correlate well ..... ith those of NRDL and
NRL. Project 8.2 times to the minimum agree well with EG&G bhJngmeter times (see Secs.
3.3,3 and 3.3.4).

Since the chopping rate of the ncuum microphone may be quite high, the instrument may
be designed to yield values for times to minimum and second ma.'I(imum in the radiant pulse.
Further analysis of thermal yield data for this and past Nevada tests is necessary before the
accuracy of the instrument for measuring thermal yield mJy be judged (see Sec. 3.3.3).

8.7.4 Project 8.4-1;
Agency:
Report Tit Ie:

Project Officer:

Attenuation of Thermal Radiation by White Scatt'!ring Smoke
Chemical and Radiological Laboratories
PrOtection Afforded by OperationJ.l Smoke Screens Against Thermal
Radiation, WT-768
E. H. Engquist

The objectives of this project were dual: flrst, to evaluate the attenuation of thermal
radiJtion by an operational fog oil smoke screen and, second, to collect data to verify theo
retical predictions concerning the attenuation expecled.

It was planned to conduct the field test of the while smoke (scattering smoke) on Shot 9.
When it became necessary to delete the while smoke expe.riment at the last minute, due to
unfavorable surface Winds, a limited experiment using a single instrumented stalion sur
rounded by smoke pots was incorporated into Shot 10. Instrumentation for the attenuated ther-
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mal raaiation employed NML roundels, NRDL disc calorimeters, Chemical Corps black ball
calorinleters (these three types of instruments were arranged for deteclin~ spherical dis
symmetry), and photographic coverage for the determination of the volume-density charac
teristics of the screen.

As the result of the drastically curtailed experiment incorporated into Shot 10, the ob

jectives of this project were only partially attained. Based upon the thermal energies measured
beneath the smoke and after due allowance was made for the shielding of the scattering smoke

by the Project 8.4-2 black smoke, interference by which was shown through analysis of the
photographic records, it was estimated that the oil-fog smoke screen, as established, was at
tenuated by 85 to 90 per cent. Edge effects due to the limited size of the screen were not evalu

ated. Also, verification of theoretical predictions concerning the attenuation was not pOSSible.

B.7.5 Project 8.4-2
Agency:
Report Title:

Project Officer:

Effects of BLack Absorbing Smoke on Thermal fbdiation and BLast

Chemical and Radiological Laboratories
Evaluation of a Thermal Absorbing Carbon Smoke Screen, WT-769

E. H. Engquist

<

The objective of this experiment was to provide a relatively thick heated layer of air over

a blast measurement line. This was accomplished by laying a carbon black thermally absorbing
sl110ke over a line east of target zero for Shot 10 between 500 and 4600 ft from the target point.

It \\':J.S intended to study the effect of the heated byer on the shock wave, p:lrticulJ.rly the pre
cUl'sorpressure wave.

Instl'ul11entation of the black smoke line was similar to that of the white smoke described
in Set. 8.7.4 exc:ept that roundels were not used beo.use they would be rendered useless by
derosit ion of smoke particles on the energy sensitive papers. In addition to therm:ll radiation
instrumentation, the smoke line was instrumented for blast and for the velocity of sound to
lIlea:iure air temperature. Two poles, one set at 2600 fl and the other at 3500 fl from intended

Ground Zero, were equipped with shielded, temperature-sensitive papers at vertical intervals

of 5 fl up to 72 ft in an additional effort to measure air temperature.
Due to the absence of a low capping inl'ersion, which might have been attained with a shot

time :iet fOI', earlier in the morning, diffusion upward of the thermally absorbing smoke was
l:reater thJ.n WJ.S desired for the tompar:ltil'ely low burst height for Shot 10. IdeJ.ll)', it would

have LJeen dosirable for the screen to h:lVe been cap~d stron~ly and uniformly at a height well

uelo'.I· the heiljht of the bottom of the fireb:l1l. In spite of this ddlcienc:y the shieldin~ of the

b:round from sif;nificant thermal fluxes and the absorption of radiJ.nt energy in the re\J.tively

nonuniform smoke layer resulted in profoundly altering the shock front characteristics over

thost' observed in the open.
The net effect of the smoke screen was to modify the precursor typc wave under the ab

sorbing lJ.yer and to reduce comparatively the range over which the precursor effect was ob

sened in the open. The reduced thermal effect on the shielded ground surface resuLted in peak

pressures and arrival timcs of the shock wave more nearly like that which would be predicted

for a thermally reflecting surface. At the instrumented stations between 2630 and 5630 ft from

Ground Zero, the thermal energy observed was less than 3 per cent of that which would have

been observed without smoke. Air temperatures in the screen at 2600 and 3500 !t ground ranges

at heights up to 72 ft above the surface did not rise to the minimum detectable value of 60·C.
At this height, however, it was calculated lhat the temperature rise should have been less than

1°c.

B.7.6 Project 8.5:
Agency:
Report Title:

Project Officer:

Degree and Extent of Burns Under Servic'e Uniforms

Quartermaster Research and Development Laboratories, USA
Thermal Radiation Protection Afforded Test' Animals by Fabric As
semblies, WT-770
J. F. Oesterling"

The object ives of Project 8.5 were to obtain immediate information on the skin burn pro

tection value of a limited number of service and experimenlal clothin~ combinations, and to
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provide data which can be used to establish a relation between fabric protective characteristics
as determined in the field and protective characteristics as measured in the laboratory. It is

anticipated that the results of these experiments, coupled with results of related 1:J.boratory
programs, will lead to the development of a technique whereby the protective value of clothing

may be assessed by physical means directly in the laboratory v.ithout resorting to physiologi

cl.1 experi ments or field tests.

In order to accomplish the above objectives, two types of animal exposure were made. In
the major effort animals were exposed to the thermal pulse and ensuin~ blast wave in clothin~

of standard or ex-perimental armed services uniforms. In the other case animals were exposed
in cylinders provided with fabric-covered portholes, which duplicated the exposure arran~ement

used in the laboratory.

Of the several summer and winter uniform assemblies evaluated at Shots 9 and la, two

exhibitecl substantial degrees of protection, one of which assemblies, the four-layer temperate,
prol'ided protection against thermal burns up to 83 cal/cm? Fire resist:!nt combinations were
superior, especially at lower thermal eneq;ies, to untreated fabric assen\blies. Increased

fabric spacin~ (Ibose-fittin~) :lnd greater number of fabric layers contribute si~nificanlly to
hi~her dei,:rees of thermal protection afforded by uniforms.

Based upon the field and l:lboratory studies of protection afforded by uniforms a~ainst

therlll:ll burns, it is considered that altention in future l:lbor:ltory studies should be devoted to
sp:I(,ln~ :lnd fittinb: of ~arnlents, to 111ech:l.nisnls of heat tl'ansfcr throu~h f:lbrics :lS it affects
burrl,; to the underlyin~ skin, to eHects of pulse duratiun (weapon yield) on burns,and to effects
of the subsequent arrival of the shock wave in snuIring out fl:lme :lnd removin~ ~lowin~ outer
f:J.bl·ie l:lyers.

Considering :lS :l whole the results of this project :lnd the rel:lted results of Projects 8.6
Jnd 8.9, il is concluded that si~nificant pro~ress ha,; been made in the evaluation of protection
o((ered by fabric,; :l~ainst thermal burns :lnd in delinealin~ the f:lctors to consider in the de

velopment of physic:l.l methods for the evaluation.

8.7.7 Projr'et 8.G:

A~(,I1L'Y:

f{c'jJorl Title':

ThC'rmal E((rcts on Clothing ~I:lleri:lls

Quartc'l"Ilu"tl'l' Rt!:,c:lrch :lnd Developmcnt LaborJtol'ie,;, USA

Pc,rfCJl'nl:lnU Ch:lr:lCleristics of Clothini; Materi:l.ls l::xposed to Ther-

mJI l1adi:ltion, \VT-77l

Project Officer: J. F. Oestc·rlint:

Till' objectil'e's of Project 8.6, lI..hich were closely Jssoci:lted with the animal exposure ex

pel'lllll:lll (PrLlject 8.5), wcre:

I. To det"rmille' field p"rforll1Jnce ch:l.racteristics of standJrd armed services clothing
:lnd experinlcntal bbric :lssenlblie:; by me:lns or panels ex-posed to the thermal r:ldi:ltion of a
nucle:lr we:lIlO11.

2. To relate the d:l.ta thus obtained to thai developed throu~h the field exposure of clothed
pi~s (Project 8.5).

3. To determine whether or not n:lmin~ m:l.Y occur between the end of the therm:ll pulse
and tile arrll'al of the blaSl w:ive.

-1. To utilize these dat:l in establishin~ laboratory eV:lluation methods which C:ln be used as
screcnin~ techniques for determining the rel:J.til'e merits of protective f:lbric assemblies which
nl:!y be u,;ed in the development of combat or field uniforms.

[n :l.ddition, cenain items of equipment of interest to the Chemical Corps and certain p:lck
a~('d m:llcri:II,;, which are not :l.Jllenable to laboratory study, were exposed to both therm:ll ra

dl:llion and lJlast in order to obtain fIeld eV:llu:ltion of the resistance of the materials to the
e((ectj of a nucle:l.r detonation.

The eriecl iveness of the protection prol'ided by the various panel materi:lls was estim:lled

by means of lhe temperature reached on the p:lnel backin~ as determined by p:lssive tempera

ture indiC:l.tor,;. Tile effed of the presence of an air spac.e between the b:lckin~ :lnd the mJ
terial w;,s also studied.
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Results from the panel experiments with the same Labrie assemblies as were used with lhe
pigs (Project 8.5) indicated a ranking of the fabrics, with respect to degree of protection, the
same as that obtained with the clothed pigs. Other fabric combinations not tested with the pigs

were ranked as to degree of protection from the results of the panel tests.

No conclusive results were obtained from panel tests designed to study the effects of fabric

reflectance and spacing. It 'was concluded that destruction of the outer layer in a la'rge pro

portion of the test samples introduced the factor of glow and sustained exothermic reactions

which complicated analysis of the results.
Although results of panel tests on the effects of !laming and sustained l:':lowing of irradiated

fabrics led to no quantitative conclusions, the results indicated definitely the beneficial effect

of usinl:': an outer fabric layer treated with a fire retardant agent.

The effect of the area of fabrics exposed in contact and spaced from the backing indicated

that areas of the order of 1 or 2 in. in diameter, closer to the latter for spaced fabrir:s or

multiple layer combinations, are necessary to avoid excessive edge effects from smaller ex
posure areas. Results from tests at Shot 10 of Quartermaster items of packaged rations and

clothing indicated damage to be attributable primaril:' to blast effects. A single bale of clothing
exposed to 12.5 cal/cm! was consumed by fir\!. The origin of the primary ignition in this case

was not evident.
The test results of other Quartermaster items and Chemical Corps items were essentially

as expected.
The ranking of fabric combinations with respect to protective characteristics was ac

complished in this project by instrumenting o:lk veneer backing with temperature indicators
(paper thermometers) adhered to the exposed side of the ba..:king. These papers served to in
dicate the maximum temperature attained by the system comprisin~ the surface of the backing

and the paper. It should nOl be presumed that the temperature attained with the papers (and the

ranking of the fabric) bears a relation to degrees of burns to skin. The National Bureau of

Standards has shown, theoretically, that the temperature indicators have properties which pre

vent their thermal behavior from simulating that of human skin. For this reason, the results
of this project, except for the expo:;ure :lrea studies, should be interpreted with c;lution. As is
noted in Sec. 8.7.8, the st:ltus of phy:;ical methods for eV;llualing bbric protective qualities is
unsatisfJ.cto'ry at the present time; and it appears that a reliable physical method must await

the del'elojJmelll of an improved skin :;imulant.

8.7.8 Project 8.'0:
Agency:
Report Title:

Project Officer:

Effects of Therm::i1 Radiation on M.:.Llerials

NJval hbteriJI Laboratory
Effects of Therll1:.1 Radiation on Materials, WT-772

T. l. MonJha n

The general objective of thi:; experiment was to obtain field checks of material damage
studies currently being conducted in the laboratory with a simulated radiant energy Source of

small size. Of interest was the establ·ishment of check points for cloth-skin simulant studies,
for material dJmage as a funct ion of the vJ.riable lime- intensity of the energy from the bomb,

for evaluation of temperature-sensitive passive indicators behind clothing, and for evaluation

of certain material parameters innuencing the protective value of fabrics and paints.
The development of a jJurely physical laboratory method for evalu:lting the protection of

fered by clothing is an objective which, if allained, would be of considerably wide interest. With
the present state of the art, experimentation to evaluate clothing with animalS in the laboratory

is difficult and expensive when compared to a physical method. It has been shown that burns
on skin behind cloth barriers cannot be correlated with damage to the cloth. It has also been
shown that the shape and amplitude of time-temperature curves obtained on the skin surface
upon irradiation are rough indications of the de~ree of burn. The NML experiments on plastic

skin simulants behind cloth employing thermocouples were designed to utilize the latler fact.
It has been demonstrated th.. t thermal damage does not follow a reciprocity relation as

the time of delivery is indefinitely decreased for the same total energy delivered. The radiant

energy necessary to effect an observed damage, i.e., the critical energy. however, is a useful
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quantity for correlating such effects. In the NML experiment thermal damase as a function of
the period in the period of radiOillt emission duri.ng which sensitive materials werc exposed

was accomplished by a calibrated spring-loaded cover which traveled down a slotted frame

and successively exposed and covered up the materials once tlie cover was triggered by a zero

lime sig-nat.

The time-temperature histories of the polyethylene skin simulant with various cloth bar
riers in contact with the simulant irradiated in the field were only in fair agreement with laoo

1':ltory tests. It was found that the area or cloth exposed becomes important as spacing or Lhe
fabric from the b:lcking is increased, important with multiple layer systems and imporLant
where flaming of the outer layer occurs.

Temperature-sensitive papers attached to polyethylene skin simulant show little promise

as ;'l tool for evalu:lling protection offered by cloth barriers. Temperature-sensitive plastics

p:linted on the polyethylene show some promise for gross-ranking of the protective qualities
of fabric (sec Sec. 0.7.7.)

Due to pa1'ti:ll f:lilure of equipment at shot time, insufficient data were. obtained from the
devic~s which exposed materi:lls either to the initial or lattcr portion of the thermal pulse.
Consequently, no quantitative conclusions, based upon field results, could be made concerning
the failure of reciprocity for thermal damage. However, with the shaped thermal pulse simu
IJI01'S now anilable at N~rL and NRDL, loss of the field data should not materiJlly hamper
thermal effects studies.

Although the timc- tempt?rJture histories of the polyethylene skin simulant were in fJir

Jgreement with NML laborJtory tests, a recent AFSWP review of the status of the skin simu
!:lnt ~ludies indicJtes thJt the polyt?thylene is significantly lacking in the desired characteristics
of a simula.nt. Increased emphasis is planned toward development of materiJls which will more

closely simu1:lte the conductivity, absorptivity, and heat capacity of human skin. Results from

recent .....ork at NML with other simulants are encouraging.

0.7.9 Project B.lO:

A~ellcy:

Report Tit Ie:

Pruject Orrice1':

Measurement of Basic Characteristics of Thermal fl.;:)diation
N:lYal Radiological Defense Laboratory

Physical Ch:lracteristics of Thermal Radiation from In Atomic Bomb
Detonat ion, WT-773

A. Gut·hl'ie

Tile objectives of this project were to supplement definitive informJlion on the UJsic ther
11\;]1 1':ldiJlion phenOl11enJ Jssociated with small yield weapons (below 100 KT) for extension Jnd

corrobol';]tion of scalin~ 1J.;,'s Jnd effects prediction methoos, and to provide documentation or
tile radiant energy characteristics of Shots 9 and 10 ror use ....ith the large effects test program.
Tile NRDL cJlorimeters and radiol11~lers employed by this project are considered the basic
instruments for effects test studies ofthermJl radiation.

Any instrument employed to measure thermal radiation which has a finite field of view

always receives, in Jddition to direct collimated radialion from the bomb source, some energy

sC:lttered from the atmosphere. Any instrument which sees, in addition to the fireball, any
portion of the ground below. the burst point receives energy over that coming directly from the
CirebJl1 through ground reflection.

It has been demonstrated, qualitatively, that, at a given point in the air above the ground in
the vicinity of the burst point, the radiant energy received at that point may be substantially in

excess of that predicted from the inverse square relJtion. The albedo (or scattering coeffi
cient) of the groUIld and the specific geometry of the burst·point with respect to the ground and

the point of interest in space Jre factors which influence the enhancelnent of the radiant cnergy.
In order to obtain the necessJry field data for checking theoretical approaches to the prob

lem of calculatinf: sCJttered radiation, ground stations at Shots 4, 9, 10, and 11 were gener
ously instrumented with field-of-view, air-scatter, and albedo calorimeters as well as total

energy calorimeters directly viewing the fireball. In addi~ion, at Shots 4 and 9, two SAC 0-50
planes nying formation with the drop plane were instruillented with calorimeters for Jlbedo
and total energy delo!rminalions.
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Limited instrumentation for total energy and spectral distribution was accomplished under

this project for the black and white smoke patterns under Project 8.4.
At Shot 10, special efforts were made to instrument two ground stations with both NRL

and NRDL calorimeters so that direct comparisons of results could be made,

Measurements under this project were also conducted at Shot 3; but since the weapon wenl
far below the anticipated yield and due to failure of some of the recorders, no reliable data
were obtained. Other than the failure of the instruments on Shot 3, all instrwllents functioned
s:ltisfactorily, and essentially all channels gave us~ful infol"lllation.

The thermal yields calculated from the measurements of this project agree closely with
those in AFSWP-503. Due to inherently slow time resolution, times to minimum as measured

with NRDL radiometers are greater than those calculated from A FSWP- 503. Times to the

second ma..ximum suifer similarly but to a lesser extent.

The large quantity of d:lla on reflection and scattering of radiation which were obtained by

t'RDL at this operation and at TUMBLER-SNAPPEH is yet to be analyz.ed.

B.7.10 Project 8.1la:

Agency:

Report Title:
Project Officer:

Initiation and Resistance of Primary Fires (Structures a'nd Interior

of Structures)
Forest Producls Laboratory, Forest Service, USDA
Incendi:try Effects on Buildin~s and Interior Kindling Fuels, WT-77~

H. D. BI'uce

-"

Both this project and Project 8.lIb were concerned v,ilh the study of urlJan vulneralJility

to primary ignitions resultin[; from the radiant energy of atomic we::lpons. The probability that

mass- fires, fire storms. and confla[;rations will occur following ~.n ::ltomic ::ltLJck on urb:ln
areas depends to some extent upon the frequency of occurrence of the primary ignitions. Meth-'

ods for predicting the frequency of ignitions are important inmaking target analyses for of
fensive and defensive military operations. Studies under this project were devoted to kindling
fuels found either as a part of a combustible building itself or found within a building. Studies
under Project 8.1llJ were devoted to kindling fuels found exterior to lJuildings.

Kindling fuels which are commonly encountered in American cities were known to the' t\l,'O
Forest Service gToupS conducting PI'ojects 8.11a and 8.11b. Minimum ignition energies for

each of the fuels had lJel:n dele'rJllined in the lauorJtOry wilh a simul:lted r::ldianl source. III the

field fllinillJum i[;nition ener[;ies wel'e determined by exposure of representative fuels placed

at sever:ll predicted therrll:1! energy levels expected to lJrackel the desired effect. Qnly those

fuel$ which if;nited in i:lboratory tesls at thermal e'neq,:ie's below 20 cal/cm l were sludie'd.
In addition to th~ study of urb:ul vulner:llJilily 10 fire under PI'oject 8.11:1, five miniature'

houses were' constructed to provide Illustrative foola~e of time-technical photo~raphy for use
in demonstratin~ fire h:lZ.ards from =!-tomic weapons, Three of the' houses were intended to
demonstrate io;nit ion from exterior kindling fuels and two from interior fuels.

Sel'er::ll experimenters h:ll'e shown thatthermJI radial ion from atomic wealJons causes only

transient flames in m::lssive wood 01' on exterior surfaces of apprecialJly thick combustible

material. These flaJlles usu:llly die out with the f:1din~ of the r::ldi:lnt pulse. If not, the flames

are always snuffed out by the passin~ shock wave. The case is quite different, however. with
thin kindling- fuels, especially fuels such Jscrumpled newspaper, dead vegetation, folded .cur
tains, oily waste, excelsior, and the like. In compacted fine fuels the contrast is so great that,
in many ca$es, the subsequent arrival of the shock wave actuJlly drives the persistent flame

into the illass of fuel and enhances greatly the probJbility th:lt the flames will persist through
the b1:lsl. It has ::llso been shown that decayed massive wood, if unprolected by paint, irradi

::lted lJy thermal radiation Jllay i~nite, continue to glow through th'e shock wave, and sulJsequentl,'
burst into (lame.

Fuels in which fl:lme is likely to persist throu~h the passin[; shock wave arc potential
sources of disastrous fires if the ignitions are established in the vicinity of nlore massive

cOIl1\Justible fuels, such :IS the' inleriors or exteriors of house'S, fences, interiors of :lutOillO

bilt·s, :Inc! nlililary supply dumps. One of the olJjectives of this project and of Project 8.llb
was to develop methods, based upon laboratory and field results, for predicting the incidence
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in urban are:lS of the primary ignitions .....hich may occur and persist through the shock wave.
For the some 20 kindling (uels exposed under Project 8.lla in Shots 9 and 10, the Olini

mum ignition energies as found with the laboratory source averaged 29 per cent higher than

the energies found in the field. Using this conversion factor, ignition energies may be pre

dicted from data obtained with the laboratory source for other kindling fuels not tested in the

field. It is anticipated that with further l:1.boratory tests employing a suitably modified radiant
source, the results from this project may be satisfactorily extended, without significant ad

dition:ll field work, for applic:ltion to weapons with yields laq:er than 10 to 100 KT (i.e., weap
ons with longer and lower average intensity pulses) which is the present limit fOJ' application
of the Project 8.11a results.

The timed-technical photography of the five miniature houses exposed at Shot 9, together

with supplementary off-site foot:lge, W:lS incorporated into two FCDA films, each entitled

}fUIISl' ill II/(' Middll', One a 6-min film, the other a 13-min film.

[J.7. J 1 Project 8.llb:
Agency:
Report Tille:

Project Officer:

Initi:llion :lnd Persistence of PI'im:lry Fires (Ignitaule Litter)
Division of Fire nesearch, Forest Service, USDA
Ignition and Persistent Fires Resulting from Atomic Explosions

Exterior Kindling Fuels, WT-775

W. L. Fons

The close rel:ltion between this project and Project a.l13 h3s been noted. The results of

Llbor:ltory and fiC.'ld studies under both Projects a.l13 3nd a.llb are important to the over-all

problem of t:lrget :In:llysis for fire prob3bility in urban areas for offensive and defensive mili

1:II'Y 0pL'r3t ions.
The tE'chniques uf;ed in the field {or this project were the same :lS those described (or

rrojL'cl S.ll:l. A1lI0nb; the kindling fuels tesled were v3rious types of waste paper, mops, rags,

pille needles, car se:lts (in automobiles and st:p3r3tely exposed), and awning canvas. This

fJroject participated in Shots 4, 9, and 10.
Minimum ignition energies were established for those exterior kindling fuels which art:

en(',lu/lIL'red in uru:ln :ll'eas in this countr>'. The conditions under which ignitions of these fuels

..... ill occur witli 10ll'er yield .....eapons (10 to 100 KT) have lJeen firmly established as the result

of flelei ::iludies under llils rrojecl and re1:lted hlJol'atory studies. It is anticipated that ignition

L'/lf'rgics m:lY b(' extended Ihruu~1i appropri31e laUOrJlory studies to tlie 13q~er yield weapons
\\'111i t"1i:ll':lclcristic:dly 10/ll;er I"adi:lnt pulses, thus oLJvi:\[ing- :lny need for further e;densive

field studies.
The eSlalJli:;linl~l1t of fJril1l3ry i~nitions in automobiles from therlll:ll r3diation W3S shown

tu LJe rel:lli\"ely an unimpurlanl ha2,31·J.

0.7.12 Project a.12a:

.."j::ellcy:
Report Title:

Project Officer:

Me:lsurement of Velocity of Sound

Navy Electronics Laboratory

Sound Velocities neu the Ground in the Vicinity of an Atomic Ex

plosion, WT-776
H. C. Silent

The rrimary objeclive of this project W:lS to determine the velocity of sound near the
\:round before :lrrival of the shock w3ve as a function of distance for Shots 9 and 10. Secondary
ouj.eclives of the project were to determine the effects of different surfaces and of white and
bl:l.ck smoke on the preshock sound velocities 3nd, also, to 111easure the velocity of the wind

lJehind the shock front. Data on sound velocities close to the surface prior to shock arrival are

a useful tool for correlat ing precursor pressure wave studies since shock .....ave lJehavior is

dependent upon sonic velocily.
The b3sic instrumentation consisted of transducer p3irs mounted 3 1

/ 1 and 10 fl above the
f:round al Intendeei Ground Zero (IGZ) and at several intermediate stations out to 5000 Ct along
the blast line :lnd to :l.n equ:ll dislance alonb: the smoke lin~. E:lch p3ir of transducers con
sisled of one spe:l).;cr anei one nlicl"ophone sep3r3ted by 3n a-ft p:lth len[;th.
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For the wind velocity measurements two stations, one at 2000 ft and the other at 3500 ft
from IGZ on the blast line, were equipped with three mutually perpendicular transducer pairs
to measure the vectorial components of the wind. In the experiment on surface effects on Shot
9, transducer pairs, with the 8-ft sound path, were mounted 31

/, ft above surfaces of mat of
white fir boughs and of Frenchman Flat soil at distances of 1000 and 2000 ft from IGZ on the
blast line. For Shot 10 the fir boughs were replaced with surfaces of blackened sheet iron.

On Shot 9 sound velocities attained prior to shock arrival over Frenchman Flat soil at
3 1/ 2 and 10 ft elevations ranged up to 2000 ft/sec and 1400 ft/sec (ambient velocity 1100 rtlsec),
respectively. Above fir boughs the velocities attained were considerably higher than over sand,
being 3000 [llsec or more at 3~ ft elevation. Over the sand coated with a thin cover of asphalt
(around 1GZ), instruments at 3 1

/ 2 ft elevation indicated that the sonic velocity was lower than
that over sand. Since the smoke was not activated on Shot 9, no data on sonic velocities be

neath scattering white smoke were obtained.
On Shot 10 the destructive effect of the blast forced the NEL shelter located at 500 ft from

IGZ into the ground, severing all the instrument cables running from this point throll{;h Ground
Zero to the smoke line. Also the early arrival of the shock wave prevented recovery of the
closer-in instruments from the electromagnetic transients induced at zerO time. In general,
very few reliable data on sonic velocities were obtained from Shot 10. A single sound velocity
result over blackened iron on this shot seemed to indicate, as anticipated, that the VE;locity is
lower over metal due to dependence upon the conductive process only for tr:lnsfer of heat to the

air.
Due to failure of instruments to recover suHicienUy soon :lfter shock arrival, data on sonic

velocities with the p:lrticle velocity meters could not be reduced to yield particle velocities

within the shock wave.
The NEL sound velocity data on surface influences (fir boughs, asphalt, sheet iron, and

sand) were, perh:lps, the most significant finding from this project.

It does not appe:lr advisable, at le:lst with the present design of NEL velocity meters, to
utilize the NEL equipment for postshock measurements. The NEL equipment should be modified
so a~ to reduce greatly or eliminate the electromagnetic transient effect if the NEL technique
is to be employed again :It field tests.

D.7.13 Project 8.12b:
Agency:
Report Title:
Project Officer:

Precursor Shock Study
David Taylor Model 8:lsin
Supplementary Pressure Measurements, WT· 777
G. W. Cook

The objective of this project was to determine ..... hether a shock W:lve may be gener:lted
prior to the arrival of the main shock by exposure of :l surf:J.ce to thermal radi:ltion from an
atomic ..... e:lpon. Although the hot air boundary layer hypothesis was gener:lIly accepted as the
mech:lnism for precursor generation, this experiment was designed to record the possible ex
istence of a signficant thermal shock.

Sensitive capacitance type pressure gates were used to measure pressures at the center
of 10 x 10 thermal panels inclined toward the point of deton:ltion on Shots 9 and 10 at ranges of
1500 and 3000 ft from IGZ. These incline~ surfaces consisted of black asphalt roofing paper
(a highly :lbsorbing, smoke-producing surface), black ceramic tile (an absorbing but nonreactive
surface), and Frenchman Flat soil molded with water (an absorbing, popcornlng surface). A
fourth gage was mounted at ground level at each of the two stations for reference purposes.
These panels were inclined at angles such that they were approximately perpendicular to the
thermal radiation from both of these air bursts in order to enhan'ce the values of the incident

radiant energy.
No significant preshock pressures were observed on Shots 9 and 10 that would subst:lntiate

the thermal shock hypothesis as a mechanism for precursor generation. Several minor pre
shock signals were observed on Shot 10 which occurred at the time of the thermal pulse. There
is evidence to believe that this gage response was due to the effect of electromagnetic a.nd
thermal radiation. There appear to be conflicting results on thermal shock phenomena from
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other projects. Project lola and 1.2 reports no preshock measurements with either mechanical
or electronic gages in this region, whereas Project 1.id reports small preshock pressures for

both Shots 9 and 10 as recorded on electronic gages. It is not presently known whether such
preshock pressures are real or whether they are within the uncertainties of the instrumentAtion

system.

It is possible that under certain conditions preshock pressures may result from thermal

shock in those regions which are close to Ground Zero. However, It does not appear that there
is sufficient energy available for purposes of precursor formation or propagation. Further

more, thermal shock is not considered significant since it may be expected to occur only under

those conditions favorable to the formation of a thermal layer at the surface and the subsequent

development of a precursor at slightly greater ranges. It is considered that this project has

demonstrated that further study of thermal shock phenomena is not warranted.

B. 7 .14 Project 8.13:
Agency:
Report Tille:

Project Officer:

A Study of Fire Retardant Paints
Engineer Research and Development Laboratories

Study of Fire Retardant Paint, WT-778

H. Miller

~.

The objective of this project was to obtain exposure of a number of test paint pa.nels to the
radiant energy of the bomb. The paints e).-posed were fire retardant paints which, subsequently,

were tested in the laboratory to determine residual fire retardancy of the exposed surfaces.
Although such pJ.ints are not proposed for inhibiting primary ignitions from the weapon,

they may have application for retarding combustion if massive fuels (see Project 8.lla) from
nearby ignition points established either in kindling fuels (primary ignitions) or in fuels ignited

by broken gas lines, electrical lines, etc. (secondary fires). In such cases the residlL11 fire

r<:tardancy of the il'radiated surfaces would be of interest.

Wood panels painted with three fire retardant paints and two non-fire retardant paints were

successfully exposed on Shot 9 to three different levels of thermal energy. Subsequent tests at
ERDL of the residual fire retardancy of the exposed panelsindicatea no serio'us decrease in
the fire retardant properties of the exposed p:LI1els even at the highest energy o[ exposure, i.e.,
31 cJ.l/cm 1. The results indicate that the role of fire retardant paints in Inhibiting the spread
of fire will not be seriously affected by exposure to thermal radiation in most cases. The

project was not designed, however, to indicate the enhanced ignitability of irradiated wood sur

faces 'adjacent to kindling fuels ignited by the thermal radiation.

There are no recommendations for future field tests.

B.8 PROGRAM 9-TECHN1<;:AL PHOTOGR..1"PHY
Pro~ranl Director: W. R. Greer

B.8.1 Project 9.1: Technical Photography

Agencies; Edgerton, GermeshJ.usen & Grier and U. S. Siljnal Corps

Report Title: Technical Photography, WT-779

Project Officer:Maj W. R. Greer, USA

Project 9.1 was established to provide a centraliz.ed organiz..ation responsible for all pho

lo;raphy, other than documentary and historical, reqUired by the various military effects proj

ects participating under the direction of Programs 1 to 9. Documentary and historical motion

picture photography was performed by Lookout Mountain Laboratory.

The still photography and the pre- and post-test molion picture photography of this project
was performed by persorLI1el and equipment furnished by the U. S. Army Signal Corps. This

photo;raphy was done [or the various projects for record purposes. Over 85,000 prints were
processed [rom approximately 10,000 ft of exposed motion picture film.

The motion picture technical photography at shot tim~ was performed by Edgerton, Ger
meshausen & Grier, under contract, and included all zero time photograph)' desired by the

projects. This phase was accomplished by the use of motion picture cameras operating be-
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tween the limits of 2 frJ.mes per minule .and 2500 frames per second. A total of 193 cameras

on 100 steel lowers of various heighls were used on Shot 9. A le:;ser, bul still considerable,
number of cameras were used on Shot 10; 9-1 cameras and 50 towers. The tower's ranged in
hc::ights from 5 to 25 ft.

In general, the technical photography gave exceedin[;ly good results, and those camera
taq;ets which were beyond 2500 ft from Ground Zero and several feet above the ground gave

outstanding results. Those targets which were closer than 2500 ft or ne:..r the ground [;ave fair
to poor results.

B.8.2 Project 9.6:
Agency:

Report Tille:

Project Officer:

Stabilization (Production)

Field Command, Armed Forces Special Weapons Project

Production Stabilization, WT-780

Capt C. S. Adler, USA

The objective of Project 9.6 was lo provide stabilized areas for the photo[;raphic stalions
IIsed on Shots 9 and 10 in order to eliminate the thermal and blast dust.

Designated al'eas were stabilized Wilh a sand-cemenl mixlure approximately 2 in. thick,

the exact area stabil ized depending on the distance the camera st:llions were from Ground Zero.

These various distances were derived from curves showing estimated p:lrlicle lransport vs

bl:lst pressures or ground ranges. AppJ'oximately 700,000 sq yd of the Frenchlllan Flat la.kt'
oed were staoilized. The stabiliz:ltion specification was eSl:lulished oy the U. S. Corps of En

[;ineers at the request of A FSWP.
The results from this production Sl:loiliz;\tion were excellent at all distances over 2000 ft

from Ground Zero. It may oe said that the success of the technical Illotion picture photo~r:lphr

\\':lS dependent to a large extent on the success of this st:lbiliz:ltion program.

B.8.3 Project 9.7:

Agency:

Report Title:
Proje-ct Officer:

Stabilization (Experilllelllal)

U. S. Corps of Engineers

Experimental Soil StabiliZ:ltion, WT-781
Capt C. S. AcHeI', USA

Project 9.7 II':lS eSl:lulished to test the resist:lnce of several types of surfaces to the effect::;

of therm:ll and bl:lSl from nucle:lr detonation usinj:; spccificJtions whic:h were nOl used in the

produc:liOll :,l:!Iiiliz:llit!l1 effort.

On the b:lsis of previou,;ly conducted bboratory stUdies, severJI promisinl; stJoilizill~

a::;ents were tested. Tests included s:lllci-cemenl, sodiulll silicate, alld lij:;llin in various so

lutions. The cxperimentJI stJbilized surfaces were photo~raphcd with zero tillle photol:r:lplly

so JS to record the effects of tllel'mal IJdialion. In :lddition the stabilized surfaces werr ex

posed for prolon~ed periuds of time to test lhei r pen'iouslless to tile elclllellts of FrCllChmJll
Flat.

The sodium silicJle worked well with incident thermal energies up to 50 c:lI/cm~ as did

the cement mixture. Up to pe:lk overpressures of 50 p!ii, the cement mixture was quile satis
factory, whereas the sodium silicate solution withstood pressures up to only 15 psi. No ma

terials tested are recommcnded for over 60 ~si. III addit'ioll, it is to be noted tllat the :;odiulll
silicate stabilizJtion will not support traffiC.
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Fig. B..j-A TypieJl Steel Cylinder (Project 3.3d).
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Fig. U.5-Pla[L: Gird..:r Seclion (Projecl 3.4f) .
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Fig. B.G -PoHshol Failure of TrUH Sec lion, Suuc[we 3.4a.
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Fig. B.7 -TypIcal Roof Panels ill R~jniorced Concrclt: Cell Strtlcrur.;.
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Fig. B.8 -Structure 3.5c Wall Panels in Place Prior to Shot 9.
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Fig. B.9 -Structure: 3.7 in the Proce:5S of Con~trucUon.

Fig. B.IO -Placing Beam Strips on'Structure 3.8.
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Fig. fJ.12-Poxholt: LiI1~d with Aluminum Shc~ling prior to Shot 9.
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Fig. B.14-StruclUrc 3.12 wi.lli Door ~movcd Prior to Sliot 9.

217
(

- ~ ..........._~

....... -- ~ . -,
-----~- ~'-:;"- "~...........---_....""- -~~

dlhl
I

-~~---'

---.\/;\



Fig. IUS-Structure: 3.13b Prior [0 Shot 9.
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Fig. B.17-AeriJI View of SlfUClure 3.14 After Sliot 10.

Fig. B.IS-Corrugated Steel Sh<:lter Bdore Placcment of Earth Coycr.
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Fig. B.20 -Tra Stand Prior to Shot 9.
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Fig. B.21-Tr.:e SLlnd After Shot 9•
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Fig. B.2'2-R.ldial ?ok Line with Aluminum TOh'~rs in lh~ Distance.

Fig. B.23-Bailey Bridge at 4100 FI Prior to Shot~.
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Fig. [J .24-8 'IaleyB'drl ge at 2100 Ft After Shot 10.
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Fig. B.'25-LVT'In Position Pr-Ior to Shot 10.
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Fig. B.28-Typica\ "'!arin.: Corpl Allault Type: POL System Prior 10 Shot 9.
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